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ABSIRACT 
It i s  well known that one of the mam fa~lorn n(Tec1isg the perfwmsnce u C  

Dieasl englaes has been Ihe short tune avatlable for proper mrrinb: '11 fuel a d  a!r. 
It 1s considered that the pbased tnlectlon of the total fuel charge w!il brini: :t!iovl 
batter mwng  of fuel and ax aud In conrequonce lower spocltic fuel con\urnWun. 
combuitlon now,  smoke density, etc. This paper descrhes the cxperlnlcntv con- 

, ductad an a high speed stngic cylinder dmel cngcnc running on dricrcnl f w l s  
utllizlng "phased mjectran system ". 

INTRODUCTI~N 

The aim of diesel engine designers has always been dirccted towards obrairi- 
ing low specific fuel consumption under all operatmg cond~rions and smokc hoe 
performance of the  engme. In recent years several investipturs Izave lfi 

addit~on, engaged their attention on the aspect of reduclng the co)nhuitioi~ noihc 
and successful operation of the engine on severdl grades of liquid Cucls &o ar 10 
make it  insensitive to the type of fuel used. 

The stumbling block to the above improvements in a d ~ e d  engiix h w  
been mamly due t o  (a) ignition delay and (6)  poor air utilization. E:uIi@ 
investigators have obtained a reduction IU the delay perrod of the er:g!nc by 
using a h~gher Cetane number fuel' or adding cortain cheminal s u b ~ r a l i c e ~ ~  10 
the  diesel fuel or increasing the Compression ratto' of the engine. Sevrrul 
 investigator^^^ have studled the performance of diesel engines by admilt~ny 
a portlon of the fuel-thu fuel either being the same type as the main charge or 
of adlffcrent type-into theint'dkemanifold or by direct injection in10 the engine 
cylinder. In all the above cases the remainder of the  fuel charge was injected 
in the normal way, i.e , very near the toy dead centre In the compres?ion stroke. 
Results obtamed by all the investigators have shown a decrease in the  delay 
period and an  increase in the air utilization factor of the engine. 

The use of higher Cetanc number fuel o'r the addillon of chemical substances 
to thediesel fuel or the increase of the Compression ratio, rcduoes thedelay period 
only to a limited extent. The addition of supplementary fuel through the 
induction mamfold though efficient in regard to air utilization and reduction of 
delay period, suffers from the disadvantage that provision has to ha made for 
the use of extra equipment in the form of a Carburretor, Micro-fog or Vaporizer. 
etc Further, thesupplementary fuel addition leading to bi-fuel system as adopted 
by nome investigators presents fuel feed and storage problems for the two fuels. 
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Tlie object of ihr teit a a i  t o  evolve lhc parl~cular type of "phacrd I I I J ~ C -  

tmn system" using only one type 01 fuel rvh~ch  would e!imun!e the hl-fuel 
systcm and also the use of' an extra eqoipmenr. The "phased in;ection ayqtrm" 
cons,& o r  injecling the total fiicl In two parts, the first par1 being q e c t c d  
well i n  advaucc of thc racond pert, wllile the second part :s injected In $he 
normal fxahion. It was ~ntendcd for cxper~mcntal purpose? io uic .In auxllary 
fuel  lnjectoi pump t o  Inject the first part of the fuel I t  IS lhawever expected 
that a suitable design of the fuel cam and the pump can e11mln;lrc the need for 
an  extra fuel i n p l l o n  pump. 

In  F U C ~  :in arrangement, the firs1 part o r  the total fuel, trljecled fairly in 
advance of the second part would m u  well with the alr In tlie cyllndcr bcfolc 
t h e  tcmperature of air reaches the self-lgnit~on temperature of the fuel. Hence 
the  a~r-fuel ratio of the firs1 pert of the fuel wuuld b r  below the limit of ~nfln- 
nlab~lity for ~gnltlon, hut will undcrgo ~r i~t la l  o x d a t ~ o i ~  rerulting In an increase 
of preasuie and ternpernlurr whlcii would he favourahli: Tor llie complete corn- 
bus t~on of the second part of the total Cud. It is enpecled that n dccrease in 
the lgnltlon de!ay and combustion noise would he powhlc d i ~ c  go Si~ghcr 
prrssures and temperatures resultmg from  he prcflamr reacttons of the mirial 
charge of the foei Further, the better lnlxlng of fuel andalr,  due to t l ~ c  
larger duration of thc nuxing permd for the supplementory fuel I S  expected to 
improve the air utrilzatlon of the enginc and thus decrease the smoke density. 
Theexaccrolas played by the first part or the Eucl (which may also Le termed ns 
tlie supplementary fcel or pilot fuel) and the sccorid part of the total fuel (which 
nmy be termed also as the main fuel) ~n rcrpect of thcrar~ahle.;  such as the m:iin 
f u e l  injection tlmicg, propol.tlon of pilot and mam fuels, brake load, compres- 
s ! m  ratio, e tc ,  ucre intcnded to be invest~pated. 

Plate I shows the details of rhe test set-up. The tests were conducted 
on a single cylinder Kirloskar AV 1, serles 11 engine. Tables I and I1 g n e  the 
detailed specifications of the cngine aiid the fuel 011 used respectively. The 
engine was mounted on a heavy test-bed and the englne shaft was connected to 
a swinging field eleclr~o dynnmorneler through a flex~ble cm!pI~ng for power 
measurclnents 

(o) ModI/icnt!on to the fiei systeni .-The main fuel t o  the cngine mas Fcd 
from a graduated burette to the main mjcction pump w h ~ c h  was or~ginallg 
mcorporated In thr ecginc. The nutput from this pump was fcd to the atoniiser 
throiigh a smtable non-return valve. The main fuel rate was ohla~ncd by 
noting the tlme takcn to consume 25 cc. of the fuel. 



Number of cylinders 
Bore diameter 
Stroke 
Swept volume 
Compression ralio 
Speed . . 

Rated power . . 
Valve tappet clearance 
Inlet valve opens 
Inlet valve closes 
Exhaust valve opens .. . 
Exhaust valve closes 
Fnel injectton pressure . 
Fuel ~nlectmn timmg (by spill) 
Injection equipnler~t 

Combustion chamber 
Fuel recommended 

Lubricating oil recommended .. 

Four stroke, comprcc\~~,ii ignlimi, 
vertical, cold shirtlug u.clcr ~x,ii!cd 

One 
3.15" (80 nmi ) 
4.33" ( I  10 mm.) 
33.93 cn. iii (553 cc.) 
1 6 5 :  1 
1,500 rpm 
5 H  P. 
0 007 in. 
48 degrees b. t. d. c. 
359 degrees after b. d c. 
35i deerees before b. d. c. 
44 degrees after t d. c. 

2,500 lbs/sq. in. 
24" before t. d. c. 
"Bryce" type AlAA70/5S 99K f d  p m ~ p  
"Bryce" No.AL 67 SD239 nozr.ls holder 
"Bryce " No UFHLS2irC175P3 nozzle 
Open combustion chamber 
A high grade light distillate diesel 

fuel in accordmce with B. S. S.  
209/1947-Class 'A' 

Shell talpa S. A. E 30 

TARLB T I  
Properties of High Speed Dicscl Oil used In Tests 

Specific gravity 6 0 / 6 0 " ~  ., .... 0840 
Cetane number . . . . .  55 
V~scosity at 1 4 0 ' ~  Redwood No. I secs. ... 31 
Carbon residue Conradson :!l wight  0.05 
Sulphur G/, weight .. . . . 0.3 
Water 7: volume . . NLI 
Sediment we~ght . . Xi1 
Ash % weight .... Nil 
CaloriGc value-B T U jib 

Higher .. . 19,600 
Lowcr . . .. .... 18,600 
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An addsmnal frlel pump of the same type ni the main fucl pump was 
driven by a camshaft connected d~rectly to the camshaft drwe of the engme 
through a flange coupling The delivery from rhis pump was connec~ed to the 
same atomizer r5 that fed from the mam fuel pump, through a sultable non- 
return valve The fuel for thls addit~onai fuel pump was fed ?rnm another 
calibraied burette The output from the addltianai or supplenlentary Sue! pump 
was accurately adjusted by a micrometer fitted to the fuel pump rack of the 
pump. At any glven setting o r  the supplementary fuel pump, the mam fuel 
w3s autoniatlcdlly adjusted by tile governor which was orrglnally incorporated 
in the englne to maintain the speed of the engine at 1,500 rum. 

(6 )  Cylinder pressure iizngram :-A condenser type of pick-np was lnstalied 
in the cylmder head of the engine at a suitable point a n t  the output from the 
pick-up was fed Lo a 'Mm-rack' doub!e beam Cathode ray oscilloscope. The 
diagram obtamcd on thc screen of the oscilloscope was photographed wilh the 
aid of a Universal Camera attached to the oscilloscope. 

(c) Injection nmmg -The exact pomr of injection of the fuel into the 
combustion chamber was determined by a set of contact polnts mounted on the 
top of the  nozzle and actuated by the rise of the pintle at the start of each 
snjectlon The pulse generated by the opening of the contact points at the 
instant of injection was fed t o  the oscilloscope w h ~ c h  gave a pip on the indi- 
cator diagram at the point of injection. This was utilised t o  measure the 
ignttion delay which was the distance ( ~ n  degrees) irom the injection pip to the 
start of pressure rise. 

The injection timing of the main fuel pump was vaned by altering the 
thickness of the shlms provided at the hottam of the fuel pump. The injectmn 
timmg of the supplementary fucl pump was altered by varying the relative 
angular pos~tions of the fuel pump camshaft with respect to the driving shaft. 

(d) Noise level:-A magnetlc m~crophone was clamped to the Cylmder 
head of the engine and the induced electromotive force was fed to the input 
circuit of the second beam of the oscilloscope. 

Other atandard Instruments were used t o  measure the tenlparature of the 
exhaust gases, cooling water, etc. The exhaust smoke density was est~mated 
by a C R. C .  smoke meter. 

Tesrs ON THE ENGINE WITH SUPPLEMEWARY FUEL INJECTION 

Dnrlng these tests the main fuel injection timing was kept at 9'* before 
the top dead centre as thls was found to be the optlmum timmg while operating 

*All the in@m tlmtngs referred to In thm paper are actual timings of mnjection as indmtcd 
by the contact poms mounted on the top of the atomeer. 



the e,-,glnc on the main fuel alone. High speed d~esel oil \\;I\ li%rii h.~iii iur 
mln and suppleinentary Injections. 

- The initial experments with the supplen~eninry fuel lll:ecll~~n drtrilig the 
suction stroke and upto 120" before the top dead cciitre 111 tilc rt~mprchsioil 

usually resulted in heavy cranckcase diiutioi~ and deierio~,iliim 1!1 the 
performance of the engine. With the suplementory fuel tn~ucuuii .11 '90 bcfoic 
top &ad cwtre In tho compression stroke the uuburnt diesel fuel r : ~ u r s  in t ! ~  

as observed In prevlour tunings were absent but a whitah m o k c  \V;IS 
abserved. Besides, wlth the supplementary fuel rate of about 80':. of tile total 
fuel, knoct~ng of the engine was audiable. Hence, it wa9 felt 111nt tho 
addition of the supplementary fuel during the latter h d f  of t ! ~  c o ~ ~ i p r c ~ ~ i i l ~ l  
stroke starting from 90' before top dead centre would be of great in~ere \ [  and i t  
was decided to mnject the supplemenrary fuel at closer intcrvnis :iiid also 
t o  End out the effect of supplemeotary Fuel injection on bmke loads ranging 
from part load to over load cond~t~ons. Hence, with the inam fuel i i ~ j c i l i ~ ~ o  at 
go before top dead centre, the supplementary fuel was mjectd nl n n ~ l o  of 90'. 
70'. 48'. 36' before top dead centre and a t  every supplementory fucl iiQcctiun 
tlmi~igs as mzntroned above, constant load tests were conducted at brakc mc:in 
effective pressures of 33.35 Ibs 1 sq in , 49.9 Ib ! sqs. i n ,  66.7 Ibs Isq .  iii., and 
93.3 lbslsq. in., representing half load, three-fourths load, full laad :~nd 40;, 
over laad respectwcly. An addmonal constant load test at 106 5 lb\/sq. ln., hmcp 
(60 "6verload) was carr~ed out w ~ t h  the supplcmenttry fuel injection lirtiiilg 
of 36' before t ~ p  dead centre. At each brake load the supplementary fuul 
rate was varizd over a w d e  range, the maximum belng limited to ilie i .nwiing 
conditions of the engine The effect of supplementary Fuel micction on jwra- 
meters hke specific fuel consumptlon, smoke density, exll:iust ten~peraturo, 
combust~on pressure, Ignttion deiay, engme noise level and the maximum rate 
of pressure rise was studied. The engine did not run stead~ly wlih the supple- 
mentary fuel injection retarded further to 30' before top dead centrc and hcncc 
the tests were confined only to the supplementary Fuel ~njec t~on t imngs  men- 
tioned previously. 

Tesrs results:-Figures I and I1 show the indicator diagrsms obtained 
with supplementary fuel inject~on at 90' before lop dead centre and a t  full load 
and half load ~espectnely. Figures I11 and 1V show the indicator dingrums 
obtalned with supplementary fuel injection at 36" before top d a d  centre and 
at full load and half load respectively. Figures V to IX give the suppleme~l!l!mg 
fuel injection v ~ .  spscific fuel consumption, exhaust temperature, smoke density, 
delay period and maximum rate of pressure rise repect~vely. Plate I1 s h o w  
the Ind~cator d~agiam and nolse level diagrams w ~ t h  and without supplen~enlary 
fucl injection The results are summar~zed below : 

1. At a given ~uppleinentary fuel injection tlmmg the amount of supple- 
mentary fuel that could be Injected into the engine without knocking decreased 
with the increase of brake load, 



2. Under part load condniiina ihe specliic fuel consumption and the 
oxhnusl twnpcialure grad~~al ly  iricreased w~t l i  the supplanienlary fuei rate for 
aii  supplemcnldry C~;e1 nnjectron timings. tfowevcr, the increass rn the specjfic 
fuei consumption was found to be least with a supplenxntary f u d  injection 
hnliilg of 36' bsfore top dead centrz. 

3. At full load and ovcrload condit~ons, injljcctisn of auppleitientaly fuel 
in small qoiinl~lics reduced the c x h ~ u s l  tcmperaturr and speciflc fuel consump- 
tion. The maximum benziicial effect> were ohta~ned at a suypiementary fuel 
injection timinx oC 36' before top &ad cenlre. 

4 In gcneral the delay period gradually decreascd with thc injectmn of 
supplcmeniary fuel. The reduction of  the delay period was Ptster at h~gher  
brake loads and wit11 tbr supplemeiitary fuel injection timing of 36' beforc top 
dead crntre. 

5. A1 a givrn brake load lhe peak pressure was found t o  w r y  only 
.;lightly with supplemcntary fuel injeci~on. The peak pressure was found t o  occur 
a few degrecs carllcr wilh the injection of supplementary fuel. The rate of 

~ - 

pressure rl6P was found to docresse slightly w l h  the supplementary fitel injection. 
6. The inirction of suonlementarv fuel reduccd the smoke drnsilv unto a . . * .  

minimum and thereafter incrcascd sllghily with furtlier increaso in the %tipple- 
menlary fucl rate. 

7. The no~Be level of the engine reduced considerably with the  injection 
of suppleineotary fuel, 

8. In general, a supplemcntary fuel injecLion of about 15% t o  20'% of the 
total fuel was found to givs salisfactory perfornancc ol' thc enginc under all 
condrtlons of brake load 

E P K T  OF VAIUATION CIF M.41~ ~ W E C Z ~ O N  TIMING 

In order to determine the influonce of' file main fuel injection t im~ng on 
the  performance of the engine, constnnt 1w.d tests wereconductedat brake mean 
effective pressures of 66.7 Ibs/sq, in. (foil load) and 93.5 lbs!sy. in. (402 over- 
load) with the main fuel injection timing a t  13" before top dead centre and 5" 
h e h e  top dead centre, kceping the  supplementary fuel injcction a t  36' befo~e 
top dead ccntrr. 

Test resulls :-Figure X shows the specific fuel consumplion w. supple. 
mentary fuel injection with the variation of main fuel injection timings for f d l  
load acid overload conditions. The resdts  are summarized below : 

1. Under the  same conditions of brake load the amount of supplementary 
fucl that could he  injected into the engine v i thout  knocking was h~gher  s s  the 
~ m i n  fuel injcction timing was retarded towards the top dead centre of the engine. 

2. The performance of tho cngine in respecc of the specific fuel conqump- 
tion, etc., with the main fuel i~ljljection tinting of 13' before top dead centre 
was almosi the s:me as wi th  the main injection timing of 9' before top dead 
centre. Hut  the performance of ths enginc with a mlrin fucl in jedou timing 



"I 5' before top dead centre deteriorated whilc wiiikirlg on 1:1c 1n:i111 r ~ l  :iionc 
and the lmprovenient obtained w t h  the supplen~en!:~ry Cud lnlcction d d  not 
compare well with the performance of the engme v:orkmg rin main file1 ;ilone, 
witb the fuel injeci~on at 9' before top dedd centre. 

Since ~t could he expected tli:~t both compreision pr:%rirc 2 m ~ l  trmpei.i!ore 
would affect the reactlous of thc supple~ncnl;~rg Tuel cpray. cmrl;inl Imd lcsis 
were conducted at full load and overload conditions with compicsrlon rntlns 
of 17.5 &nd 14.7 while the normal cornprcsslon lalio of the cnginc ;lr in the 
prevlons tests wss 16.5. Thc comgresslnn ratlo of the cnyin.: u:!i v:irid hy 
incrcasmg or decrca31ng the tliickness of the cgl~nder hcnd g:iiLct\ 'I 1,'. corn.. 
presiion pressure was l'ound lo be a? follows : 

C.~iculatcd Comprcsrlon Mc:luicil ( ' l l n l p c  .,.,ull 
Kii. l0 I'li:,,u,c 11 ., 
14 7 385 
16.5 4W 
17.5 460 

During the tests the main fucl was injected at 13' beforc top Jc;d ccnirc 
and the supplementary fuel at 36' beforc top dead centre. 

Txt restr1fs:-Rgure XI shows thc speclfic foe1 comunxptiw rs. coin- 
pression ratio for full load and oveiload conditions. The rcsultc are aiinrinar~zcd 
below : 

I .  Under tlic saine conditions o i  brake load, the mnxmum percentnge o i  
supplementary fuel that could bc injected into the cnginc without knocking was 
higher as the compressmn ratio was rcduced. 

2. The beneficial effect in regard to the spccrfic fuel consumptroi~ was 
slightly highar a t  higher compressio ratios. 

3. The performance of the eilgme deterrorated on main fucl itloac with 
a compression ratio a i  14.7 and the beneficial effects obtsmed w ~ t h  the supplc- 
mentary fuel injection d ~ d  not compare well with rhe performance of thc  cngina 
operating wlth a compression ratio of 16.5. 

During these esperlments the main fuel was injected at 13" before Lop 
dead centre and tho supplementary fuel at 16' before top dead cenlre. The 
compression ratlo of the engine was kept %t 16.5. Table IlIsho~vs the properties 
of kerosene used dunng the tests. Fig. XI1 and Plate IV show the resulls obt:lined 
by using kerosene for the main and supplemzntary fuel systems. The rcsults 
indicate that the engine conld be operated on opttinurn conditions with about 
20% to 25 % of the total fuel injected in the secondary system. 



TABLE 111 

Properties of Kerosene mod iri Tcsls 

Specliic graviry 60/60'~' . . 0 793 
Ceiane number 49 
V~scosiry at 140% Redwood No. 1 secs. 27 
Carbon residue by weight . 0 042 
Wnter 'z Volume ,. . Wll 
Sediment % Weight . Nil 
Calorific V~lIue -B T. U. ( ~ u w e r )  . 18,720 

CXPEKIM~NI.~ WI1.H 'I.lF117 DIESEL OIL' AS 1HL F U ~ L  

During these expcrimeols thc main fuel wa3 mjected at 13" before top 
dcad cctltre and the  aupplemcntary f,del a t  36' hcfore top dcad centre. Tlie 
conipresslon ratio of the engine was kept a t  16.5 Table IV shows the properties 
of the ligl~t d~esel oil used during the test. Fig. XI11 and Platr IV shows the 
results ohtvned by using hght d m e l  oil for the mam supplementary systems. 

T4nr.E IV 
Properties of Light D i e d  Oil wed In T e s ~ s  

Specific gravity 6 0 / 6 0 ' ~  .. .. . 0.897 
Cetane number 47 
Viscos~ty at 1 4 0 ~ ~  Redwood No. I sccs. 36 
Carbon residue ;> Weight . . 0 61 
Water ';', Volume . . Nli 
Sediment 'g Weght  Nil 
Calorific Value B. T. ~ / l b  !Lower) , 18,000 

I t  can hc scen from the results that the specific fuel consumption mproved at 
full load and overload conditions but increased undrr par1 Inad renditions. A 
reduction in the delay period, noise level and imoke density wm also obtained 
with the addition of thc supplementary fuel. The results mdicate that about 
20% to 25 % of the total fuel injected in the supplementary system would yield 
best results. 

NON-BIRING TEST 

This test was conducted in order t o  outam the conditions inside the engine 
cyl~nder when only the supplementary fuel was injected. The follou,ing test 
procedure was adopted during this test : The engine was motored at 1,500 rpm 
until it was sufficiently warmed up. The supplementary fuel was gradually 
adnutted atid the fuel rate was increased slowly untd knocking ( ~ f  any) was heard. 



Readings of exhaust temperature and foe1 rntc weie recordci! i'l.ifr V siloan 

the suprr-,mposed pressure diagrams a i thout  andniilr  3 sl~ppl:mcllllr?. fuei :ate 
of 0 892 lbs/hr. Injected at 36' before top deud centre u~lllg Hi,!i: ~ c d  d m c i  oil. 
Oiher iesi results are presenred below: 

SUP 

16 5 90 H S D.* 1 8 1  Ncglipibk 
1 6 5  70 H S . D  1496 2s 
16.5 48 H S. D. 1.1 70 
16 5 36 H. S D. 0 892 98 
1 4 7  36 H S D.  1.0 92 
17.5 36 H. 5. D 0 516 90 
16 5 36 Keros~ne 0 591 Y4 
16 5 36 Lighr Diesel oil 906 91 

. . . .- . . . . . - . . . . 
* Hlsh w e d  dmel oil. 
? No knocking was heaideven w t h  t h  fuel rare. 

DISCLSSION 

The inereage in the compression pressure with the supp!erneni:~ry fuel 
injection as obtained by the non-firing tests may be attributed to the slow 
oxIdation of the supplementary fuel which I s  an exothermic process. The 
intermediate products of combustion such as the aldehydes and perox!dw u ill 
hasten the comBustion process. These reactions result in shortening of the 
delay period of the main fuel and are also responsiYie for rhe earlier occurrence 
of the peak pressure. The reduction in the delay period is responsible for 
lower rate of pressure rise and consequent smooth running of the engine. It 
is said" that beyond a maximum rate of pressure risc of 50 psi pcr degree crank- 
angle the engme would tend to knock. However, it was interesting to note 
that while the ensine was run on Kerosene (plate 111) the running of the engine 
was wry smooth (as ev~denced by the n o w  level diagiam) even though the 
maximum rate of pressure tine wns as high as 68.6 psi per degrec cmnkunglc. 
I t  is felt that the acceleration of pressure rise plays a greater part in regard 
to the smooth running of the engine than the rate of pressure rise. Further 
lnvestigat~on may be necessary In this direction. 

The supplementary fuei, mjected earlier in the cycle, has ample time to 
disperse well rhrollghont the cgllnder and by the time the pressure and tempera- 

. ture are high enough m the compression stroke for ignition, it forms a very lean 
mixture for ignition and undergoes only partmi oxidation even though more fuel 
than the quantity required for tdting of the e n p e  under normal conditions is 



admitted. The better mlxlng of iuel and air inside thc cyl~nder has been 
respons~ble in improving the combust~on of the englno resuitmg In a louzer 
specific fuel cournmption, smoke densty, etc Our Gndmgs regarding the 
increase of spec~fic fuel consunlptlon undel part load conditions and subse- 
quent improvement m speclfic fuel consumption under lilgh loads agree with 
those of ~ y n ~  who states ; 'The incomplete combustion of the inrake fuel 
(in our case the supplementary fuel) is the main cause of the hlgher fuel con- 
sumption a t  hght load At hlgh loads, the luminous cornbustlon of the main 
fuel takes a longer time than at loaer load and so more of the m a k e  inel 
may proceed to complete combustion. Moreover, the same loss of mtake 
spray represents a smaller proportion of the total tucl '. 

I t  is iuterestmg t o  note that the maxlmuu~ fuel rate as glven by the non- 
firing tests was not the linutmg supplementary fuel rate under actual working 
condit~ons. For example, wh~le motorrng tests wera done with hlgh speed 
diesel 011, the perm~ssible maximum fuel rate w~thout knocking was found to be 
0.892 lbs/hr. Any further increase in the supplementary fuel rate would result 
In heavy kuockmg of the engine. But with the engine running under full load 
conditions, a supplementary fuel rate of 1.284 lbs/hr was possible wthout any 
knoeking of the engine. This increase in the supplementary fuel rate under 
engine operating conditions may be attributed to the burnlug of the partially 
oxidlzed supplementary fuel resulting from the ign~tion of the main iuel, before 
the inc;dence of knockmg. 

From the foregoing experiments ~t can be seen that the 'phased injection' 
system affords an efficient means of r e d u c q  the smoke density and the delay 
period of a d~esel engine. These beneficial effects are also accompanied bq a 
reduction in the specific fuel consumption under full load and overload condi- 
tions. The reduction in the smoke density of the engine makes it possible t o  
increase the smoke limitcd output also. I t  can be concluded that the 'phased 
injection system ' with about 20 % t o  25% of the total fuel ~njected in the 
supplementary system makes it  possible for a hlgh speed dtesel engine t o  work 
satisfactorily on fuels of low cetane number. Though a separate fuel pump has 
been used for supplcmontary fnel injection durmg the experimental work, it  is 
expected that a suitable design of the fnel cam and the injector pump can 
eliminate the need for an additional injector pump. 

The authors wish to express their thanks to Dr. H. A. Havemann for 
suggesting this problem and t o  P ~ o f .  M. R. K. Rao for helpful discussions. 
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FIG. I 
66.7 B. M. E. P (Full Load) M a u .  P B T . 0 .  C .  P h i  : 90° B. T D. C 

Crank onglc-dq 

FIG I1 
33.35B.M.E.P.  Mam. 9 O B .  T. D. C. Pdot: 90CB. T.D. C. 



23% of tot01 ..'% 

-__L-.L .-. 5 

2 0  4 0  60 " 
Crank onqlr-deq 

FIG 111 
66.7 B M. E. P. (Pull Load) Main 8" B. T. D. C .  Pilot: 'lo 13 I' 1). (' 

r 6 x 0  
I 

- 2 8 0 "  

T D C  

i o  do A ;o 40 do do O 
Crank angle-deg 



, 0 20 ,o 6, - -- 
Supplementary fuel-perccnt of t o t 4  - 

Sopplomertary fuel-percent of toral : 
LEGEND 

PllOt 

-- 36" B T D.C. 

---48' ., 

- . -70'  ,, 

....... 00- ,, 

FIG. V 
Mam. 9' B.T D.C 

Specific fuel COnEUmptlOn us Supplementary fuel at various swplemcntaN 
or p~lot  fuel inleCtm timings 



FIG. VI 
Mam: 9' B. T. D. C. 

Exhaust temperature 1,s. rupplemontarp fuel at varmus pilot fuel rnjcction timings 
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FIG VII 
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FIG. VIII 
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PLATE 110 
Irrdtcafor diagram and n o m  h e 1  dmgmm orthcmeene ruuo~ng at l X O R  P M at a brake load of 

93 3 Ibrliq in Dmcp without supplemenlary fuel injection. Main :njectloa 99belore top dead eentre 



PLATE I1 b (contd) 
Indlcalor d ~ a p r m  and nomc level disg~am of thc sngtne runnmg at  1500 R P.M. at a braks load of  

93 3 lbr Irq In. bmrp w ~ t h  3 i  1 %  of the total fuel mqcetcd 36' before lop dead conrre Matn 
mjrctron 9' before lop dead centre 



Fuel : keroscnc 
Lndxcator dmgtvrn and nomelcvrl diagram o i  the ongine runnrng at IS00 R P.M. 

at a brake load of 66 7 Ihs isq in. hmep (full load) wthour supplementary 
Cud mjcclion. Man fuel lnjcctmn trmmg 1 3 O  beioic top dvad centre. 
spectfic fuel consurnplmn 0 132 Ibribhp-hr M a n m u m  rale of preraurc rise 
74.5 Ibs  /crank angle degree 

PLATE 111 b 
Fuel Kerusrrw 

lnthcvtor dugram and nolne level dingiam of the cnglnc runnmg at 1500R.P M. 
at a brake load of 66.7 Iha./sq m bmep wlth 5u 5 "4, of  the lol:rl fuol 
mjected a t  3GY before top dead csntrc. Man mjcclion l m m y  IS beiurc top 
dead centre. Spcmticrucl consumpflon 0.431 lbs./bhp-hr. Max~rnurn rare 
of pressure rlie 68.6 Ibs./crank angle dcgrcc 



PLATE IV a 
Fucl. Low spcul d m e l  ail 

lndlcator lllagrarn and norsclevcl diagram of the englnc runnlni! .ht ! 0 1  K I' ' 5  
at a brakc load of 66 7 Ih, ln hmep il;ul! load1 a i l i ~ o u t  .~np!~lcmunl.iri 

fuel znJcct8on Mam fwl  mlccfxon 1 9  before top dead ccnire. \pe':!ii (ncl 

consumption 0 516 1bs.lBhp.hr. Rate of presrurc rrie (indxi 62.4 Ih5 i r . l n l  

angle deiegree. 

PLATL IV h 
Fuel: Law ryeed dmscl 011 

Indicator dldbrm and nolse levsl dragr;rm of the engine r u n n r n x  al 1500 R 1' M. 
at u brake load of 66.7 Ibs isq m. bmep wi th  70 '3';G of the total tczc! xryectrrl 
at 3ea hclore top dead centre Mam qccl lon tim8tig 13' hrhre top dead 
centre Spcclfic fnel consumptmnO.497 Ibs jBhp-hr Max rate of prc,rurc 
rise 60 Ibs /crank angle degree. 



PLATE V 
Pllut iwcclrun 36' B.T.D C 

1:uei rate : 0 892 Ihs hr. 
PI. mcreaas 85 Ibs 1 s q . h  
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DIFFERENTIAL STAINING OF THE CELL ORGANELLES 
OF ALLIUiW CEPA USINC A NEW FIXATIVE 

AND A NEW STAlh 

The resstmns of the root- tq  cells of Allium rc,jm. fixed VI Icdmc-FororaiCzl~yle- 
vcetlc acrd & F A  ), Acctlc dcohol and Nainalun'i fluid lo G:cima rtorn are 
comparod w t h  those oblained after starnmg wrh Methll grsen-Pyian!n I.F. A 
gwes optlmnl prcscrvatmn o i  the cell organelles but d t f m  from ,\cetlc alcohol In 

that il accentuurea t l x  b!uc colour of Cicmrd and ihe redof Mcthyl g r o u  Pyronin 
The red o l o u r  or Gremsa !a lranslcnt ~n m*wiial liied 111 Nakashln lor o m  hour  
and abrrnt in chose lined lor tiuenty.four hools The dxtierentiai stainmg %cth 
Methyl giecn-Pyronl,~ was observed only whcn the t m c  oC t'hation lo Nniorlm 
was Ilrnlld to OllC ll""i 

The nuclcur and tho chmrnosornc% in prophaw nnd h t c  tc lophaw ave stamed 
pnrple red by (~tcmrn and biuish green hy Mcthyl grccn-Rronin. The cbiarno- 
romor a t  other plisres O F  div~smir bare a ~lcphlly d.ukrr rhnde 'ihc ~ r u i l c u  
mumbrane, the nuclcoh, ihe cyioplaim, thc achromatic i j e u ~ c  arid e$pcr~ally the 
phrngmaplast are blue in  (i iem~a and rcd i n  Methyl grcen-Prrooln The cell 
v1ate which L$ umtalned 8" early ~1ags:cs ofiormntwn s u m s  :a lnrc teloplmre 

INTROUC~CTION 

Dt~ring an analysis of the reaction of the nucleus of livmg yaast cells lo 
various fixat~ves and s t a m  it was d~scovered that Iodine-formddehyde-acetic 
a c ~ d  (I P.A.) solution nlunc gave a life-hke prescruation ( ~ o ~ a n ,  1956, 1958 a ;  
Thyagarajan and Subramantam, 1957; Aswathanarayana and Suhramanwn, 
1958). On stamng the liaed but unhydrolysed smears with Glemsn's soluiion 
the yeast nucleus was shown to have a blue nuclear membrane, led chromo- 
centres and blue nucleolar equivalents (Royan, 1956 6 ; Subrarnan~am el a / ,  1959). 
Further, the fixn(~ves commorily employed ror the qtudy of p h i  litlclei d ~ d  not 
give a life-hke prerervatioz of the orgarielles of the yeaat nudeus (~ubrrruao~am. 
1960). 

Till the demunstralion of the n~iclcus In living yeast cells, the selectm of 
fixatives w a s  arbitrary. Mureover, >lie Giemsa slam now in v o p e  in yeast 
cytology had rarely been tested ou plant mntcnal. The I~fe-hte prciervat~on 
of the yeast nucleus, by I. F. A,, a first~vc not tncd on plmt material, and the 
facd~ty%~ith which the G~emsa slain could bc used to stain dnkrentlally the 
nuclear organelles xecessitared confirmation by tests on plant material 
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Giemsa. 
lmmzrs (1957) employed Gicmsn in his inireitig;tli~mi 011 lw  tiIi/.iii~!n ;and 

cleavage of the sea-urchin eggs The deoxyrihoi~ucleic acid ti! tiic jli~iiiielell.; 
of the unfeitlllaed sea-urchin egg was loc:lted by Agrcll ( IYSs' j  li\ir:p <i!rm+:i 
stain and enzymatic dlgestton Accordlug t o  Konl;iliorii, h:tli!nri, I tir.!s:lu:a tind 
Mori(1953) the constituents of the Giemsn stain hove diI12r1nfi i!fliiiilic\ fur 
DNA, XNA and the protetnr. The pink porplc oi thc i.itr~?u!,t:m i. W I I  t i )  he 
a mctture of the dark blue colour tmpartcd ti? llto DNA hy !\/arc 1 ; I I ~  tlic pir:k 
colourat:on, by eosin, of the histone and non-hiitone prii;ci.~- '!'lit :iIlii!tly ,)f 
Methylcnc blue for RNA would expinin the hluc coloui of thr* nuficrilu; and 
the cytoplarm 

Giemsa stain followed by a 2 "!, alcoholic so!nt~on (it' S:iir.iniii war i t d  hy 
Wright and Skoric (1928) to locate symbiotic hxctcrt;~ in p l~ is t r ,  I I I  wctiims, 
the bacteria were deep blue, the cytoplasm of ilie plent cdla ligltt hliw, the 
nuclel pmk, the nucleoli blue and the ccll w.ills red. This IS pcrli;tp5 ~ r i c  of 
the rare ~nstances of the use af Gtenlsa in plan1 cytology. 5t1r ohacn~rtionu 
embodied m this paper attempt an evaluation of ilie nctiixi of I .  I:. A ,  a r  rum- 
pared to other fixatives on the root tips of Alliurn ccpa and of the  (iicta\.i rtaw 
With conventional stalnlng methods 

The roots of freshly germinated bulbs of Alli~irn wpn wcrc n;r,lic~l ixndcr 
the lap, exc~sed and then transferred t o  the three tixatives. wz. Acetic alcohol, 
Navashin's f l u d  and Iod~ne-formaldehyde-aceth acid. Tlte vial, b e r e  kept 
under an exhaust pump to ensure quick penetration and rapid tixniion. Good 
Preservatton was obiamed by keepmg the root bps for two hour.; in Acetic 
alcohol ( 1  : 3) and for only an hour i n  Iodine-formaldehyde-acetic acid 1Granis 
Iodine [diluting 1 part of Lugol'siodine (1 % I* in 2'35 aqueous Kl)  will! 2 ports 
of water] 8.8 c.c.; Formaldehyde (B. D. H. Sample, 37-41;.) 1.2 c c. ; and 



Glacial acetlc acid (Analar quality) 0.5 c c.! Maleila! fixed m Navashm 
(Darlington and La Cour, 1950, p 115) for a short period of one hour and for 
a longer one of 24 hours eahib~ted d~fferences in their reac tm t o  the stains. 
The Acetic-alcohol fixed mater~al was down-graded whde that from 1.F 4. was 
passed through two changes of 7 0 %  alcohol extending for a per~od of 24 hours 
to remove the Iodine The Navashin material wa3 washed under the tap for 
24 t o  48 hours. After removal of traces of the fixatwes the root tips were 
elther stored in 70% alcohol or ~mmediately dehydrated, cleared in mixtures of 
absolute alcohol and chloroform followed by pare chloroform and then Impreg- 
nated and embedded in paraffin. The blocks were sectioned at 6 p  and 1 0 ~ .  

STAINING WITH G I M S A ~  SOLU~ION 

The sectrons washed well under the tap for 15-20 mmutes and kept in 
d~stillad wzller for Bve minutes were stored in  Sormscn's phosphate buffer of 
pH 7 0  for 10 minutes. They were then transferred to the Giemra stain (2.5 ml, 
of Michrome brand (Gurr) stock solution and 47.5 ml of the buffer of pH 7.0) 
and exam~ned periodically up to 24 hours directly In the stain. To gei thebest 
preparations il was desliable to overstam the sections and then de-rtam them 
cilrcfully in 50 % alcohol prepared In buffer. After nnsing la 20% alcohol and 
In burer they were quukly dehydrated through alcohol grades, passed through 
alcohol-xylol (1 : I) mlxture and then through two changcs of xylol before being 
mounted in Canada balsam. There IS occaswnally a sbnnkage on transfer of 
slides from alcohol t o  xylol. The s!am has a tendency to fade In permanent 
preparations. Observations were made on buffer mounts as well as from 
permanent preparations The former was cons~dered necessary to evaluate the 
changes that occur during dchydratmn. 

STAINING WlTII M ~ H Y L  GREW-PYRONIN SOLUTION 

A 1% stock solution of Methyl green-Pgronin (Gurr sample, Special for 
Nucles acids) in 0 25 7; Phcnol In d~st~lled water was prepared and was d~luted 
with three times ~ t s  volume of water just before use. Slldcs rinsed m distilled 
water were stored in it for 15 to 30 mm. They were then rinsed in dist~llrd 
water, blotted to remove the excess of water and passed through absolute 
alcohol, abrolute alcohol-xylol mixture (1 : I), and three changes of xyiol before 
mountmg in Canada balsam. The oversLain~ng, if any, was removed by abso- 
lute alcohol. 

Observations were made with a Bausch and Lomb Research Microscope 
using a x 90 objective and a x 10 eye-piece and the selected stages were photo- 
graphed at 113 their magnification on Koddk Microfile film using a Leica attach- 
ment. Colour transparencies of some of the stages were prepared on Kodak 
Ektachrome film. 



0iissavh'r;oNs 

1. Ac& al~.ohol-Gieinro :--Thcproprcis of il:!lillnj: i i r i  11.i:i.ii'riif W ~ I U I I $  

to ~ ~ e m s a  solution was follo\vcd. After 5 to 15 r n i o i i ! ~  in 1111. ,1.1111. Ilic nuclei 
and &rolnosomea were grcenish bluc, whllc the olllcr or~.:ini.I:c~. 9.r;~ hluc. 
on continued stay thc bluc began lo be more promiriclir nrd tlrc rit~iI .! i  ;ii~il 
chromosomes slowly stood out as deep purple strocr.lrc5. 

~ t t c n t r o n  IS invlted to the fact that the red coinpimcn: CIV lhu <;lcni.in 

stall1 begins to have an affinity for the itructllrer only wlrcii 1 1 1 ~  .;'C.;!.I..I.I I I : ~ ~  
becomc deep hlue. 

Whcn the sections were examined .iCtcr remo>:il irum tiiv h.11Il .ind uitIri>ut 
riostng, the blr~c colour dominnted. The nuclei wei-c porpli>ii ~ci!.  Il~iYcrcn- 
tiatron In alcohol removes the excess of blue and Icovcs llrc n ! i ~ l c : ~ r  rixitrn 
purple red. If t h ~ s  process is continued the  purple red stamlii!? I ,  .ilu> i c i i r ( ~ r d  
by alcohol leawny the nucleus green~sli blue (Subranv.iny.m and Suhi;~ii.tiii,i!n, 
1957, Photo 1) Dltcct exalninatlon In thc stam docs iiot luw.ii lllc o,lilc.lr 
envelope m i s g  to the mlensz stalnmg oC ihe nusleti\. li ir criil:,, i r l ~ n  r l~c  
nuclzus 1s purple red after difeientiat~on, that the blue uuclcJr iilcni:rr.riie ct~ulil 
be reco~nised (Photo I). The slldes were tlierefnre d~tTcrei~t~ot.!il 111 .ilcuhi~l 10 
give the dcsrcd Wheu on proloaged diffctnntra~ion 111 ;iir.,>Irol Ilic 
nucleus in gecmsh blue, the nuclear membrane still retained tho Irlix $t:iwiiig 
(photo 23, Subm~nun~am ef d l ,  1959). The nucleoli nt81 d~rcw~i i l i l s  in 
over~tained nuclei became clear on diFerentiatioo in uleoiwl. l'iwy nppcared 
as blulsh organelles ( ~ h o f o s  1 and 2) Over-difcrenti;it~<>!i improved llic 
clar~ty of rhe nucleoli ivhlch appeared as ~f they li:id ii:iincd b,s:ilcrs. 'lllc 
cytoplasm was gcnmdly blue. 

During prophase and latc telophnsr the chronrosomes wulc p~i rp lc  rcd 
(photos 2 and 8).  In prometa-(photo 3), meta-(~hotu 4) and : tn:~ph~ses 
( ~ h o l o i  5 and 6) thc chromosamci were dark owlng to ;t coupling of tlic 
purphsh red with blue In  czrly telophose (Photo 7) the cliromosomcs wcrr: 
deep pwplish red especially when lhcy were contracting a1 the polcc. The 
polar cars In prophase (Photo 2). the developing (photo 2). and the fully 
formed spindle at metapbaqe (photo 41, the interzonalflbres and othcr rcpions 
of the spindle In anaphasc (Photos 5 and 6) and the phragmoplait in e;lrly 
telophace (photo 7) were stamed blue. This was particularly prominent in 
the phiagmoplast. Tlx achromatic figure, though of tlie same colour ns the 
cytoplasm, stood out  owing to ~ t s  greater a h i t ) .  for the blue component. The 
cell plate seen In c a r l ~  telophase as an unstamed streak (Photo 7) began t o  
stain blue in late tclophase along with the two knob-like remnants r i f  tllc phrng- 
moplast at its end (Photo 8). 

In using Gicmsa as a regreaswe stain the time of  stay in the stnining bat11 
necessary to give good lmparutions was also explored. hce t lc  marerial 
stained for one hour gave good prevarations on diifcrentiation. A longer stay 
in the staining bath naturally necess~tated :I longer time of de.~taining, 



Unhke the earlier workers who appear to have used Glcmsa stain as a 
progressive one (~acobson and Webb, 1952) the observat~ons reported above 
are based on the results obta~ned by differentiating overstained sectlons. i t  
became interesting therefore to evaluate the utility of Gmmsa as compared !o 
Methyl green-Pyronm. 

2. Acetic alcohol-Methyl grren-Pyronin --Shlmamura and Ota (1956) 
offer evldence for the presencc of pentore nuclex acid in the achromatic figure. 
They record the absence of pentose nucleic acid m the cell plate, which appeared 
as an unstained h e  in the m~ddle of the phragmopiast. Their conclusions arc 
drawn from sectlons different~ally stained with Toluidxx blue, Thronln and 
Methyl green.Pyronin. The fixatlvcs used were Acetic alcohol and Telyec- 
n~czky's fluid 

On staining sections of Alliurn ccpa, fixed In Acetlc alcohol. the nuclear 
membrane (photo 16) and the nucleoli (photos 15 and 17) were red, while the 
nuclear matrix showed blulsh green areas (photo 16). The chromosomes in 
prophase (photo 17), as well as late telophase (photo 22) were bluish green, 
whtle m prometa-(~hoto 181, meta-(photo 19), ana-(photo 20) and early 
relophases (Photo 21) they tended to be more blulsh The polar caps (Photo 17), 
the dcveloplng spindle in prometaphase (Photo la), the spindle at metapbase 
(photo 19), the poleward regions of the spindle (photo 20), the phragmoplast 
(photo 21) and ~ t s  knob-l~ke remnants and the cell plate ( ~ h o r o  22) were all 
starned red. I t  is only durlng the early telophase (photo 21) that the cell plate 
rcmained unstamed, remmiscent of a s~milnr experience with the Giemsa stain 
(Photo 7). 

3. lodine-forrnaidehyde-acel;c acid-Giemsa -The reactlon of the cell orgn- 
nelles to Giemsa in materlal fixed in I F.A. was comparable to that observed 
after Acetlc alcohol fixation. Whereas after Acetic alcohol the chromosomes 
and nuclei assumed a purplish red tinge after a stay of 30 to 45 minutes in the 
stain, in I F  A. mater~al the   den tical organelles became purplish red only after 
a lapse of one to three hours. The blue colour of the cytoplasm appeared 
more mtense when the sectlons were examined directly from the stam. But 
this could be removed easlly during d~fferentiat~on. In permanent preparations 
the organelles havmgan affinity for Lhe blue component had a more Intense 
colour as compared to those of cells fixed m Acetic alcohol 

When material over4ained in G~emsa was carefully differentiated m 50% 
alcohol, the nuclear matrix was purplish red, the nucleoli and the nuclear 
membrane blue (photo 9) The chromosomes In prophase (photo 10) and 
and late telophase (photo 15) were purple red. But this colour appeared 
deeper In prometa-(~hoto ll) ,  meta-(photo 12). ana-(Photo 13) and early 
telophases (photo 14) The cytoplasm and the achromatic figure (Photas 
11 to 13) were stained in shades of blue The cell plate (photo 14)appeared 
unstained in early telophase The spindle fibres and especially the interzonal 



ones were clear in Acetic alcohol as well as in I P, A. Gicmw :xep:iraliiuis 
(Photos 6 and 13). 

4 Iod~apforn~aldehyde-n~eti~ aci&-M~~llrpi greol-hronln .-The nilclcnr 
rnCmbrane and rhe nucleol~ were stained red (Photos 23 :ind 2.1).  The 
chromatin of the restlng nuclei (photo 23) and the chronio~omus tit proph:i\c 
(Photo 24) and late telophase (photo 29) were stained blulah gieen. T11c 
chrornosomcs durmg prometa- (photo 25), meta- (photo 26), m i -   bolo 27) 
and euly  tciophsscs (Photo 28) tended more towards blue. 'lhc p o h r  ciips 
(Photo 24), the spndle (~l io tos  25 and 26), the polewnrd :ind thc intcrzonnl 
regions of the spindle a t  anaphase (Photo 27) and the phr:~ginoplast (Photo 28) 
were stained red. The cell plate seen as an unstained area In e:irly tcluphaie 
(photo 28) appeared as a red h e  ~n late telophase (photo 29) along with the 
remnants of the phragnoplast at its sldes. Matcrial fixed in I. F. A. h:id a 
greater affin~ty for the red colour of Methyl green-Pyronin. Attention was 
more concentrated on the  contrast of the cell organelles In order to evnluste 
whether Giemsa gave as specific a dlstmction between the chromomncs and the 
achroniatlc figure as Methyl green-Pyronin. 

5. Nn,nshin-Giernsa:-Unllke the two previous fixative.; the cull orgn- 
ndles were not stained in d~fferent~al colours by Giemsa in rnaicr~al fixed for 
24 hours In Navashm's fluid. All the organelles though clear appc:md in 
different shades of blue. The cell plate was seen only as a stained line on  the  
equator of the phragmoplast. The characteristic red or purplish red staining 
of the chromosonles was not observed either when ovcr-stn~ncd slides werc 
examined directly In the stain or during de-stamme In 50% alcohol. 

Such an experience led to a doubt whether the absence of afiinity for the 
red component of the Giemsa stain may not be  due to over-fixation. Tiierc- 
fore, the reaction of the cells t o  G~emsa after fixation for an hour in Navashrn's 
fluid was tested. Direct examinailon in the stain showed the dark blue nuclei 
and the chromosomes bemg overlald by a slight reddish tinge after a stay In 
Giemsa's solution for one to three hours. The  red tinge was rery transient 
even in wet preparations and disappeared completely duting the q u ~ c k  debydra- 
tion necessary for making the sl~des permanent. 

6. Nai'oshin-Methyl green-Pyronin:-Contrary to the experience with 
Giemsa where the red colour was transient, a poslllve differential staining wlth 
Methyl green-Pyronm was obtained when the fixation time in Navashin had 
been l~mited to one hour. 

The chromatin in Photo 30 was bluish green. The nuclear boundary, the 
nucleoli (Photos 30 and 31), the  cytoplasm, the polar caps (photo 31), the 
spindle (Photos 32 to 34), the phragmoplast (photos 35 and 36) and t h e  cell 
plate with the remnants of the phragmoplast (Photo 37) werc all stained in 
a red colour. The cell plate was seen as an unstamed lme in early telophase 



(Photo 35) only in a few lnsrances In many, the cell plate bvas stnlned red 
both in early ai well as l a ~ c  telophzses (Pholcs 36 and 37). 

The d~fficulty experienced in gettlng a diWrential sta~ning of the cell orga- 
nelles wirh G~emsa In material fixed in Zavashin for 24 hours was parallelled 
by rhe experience in attempts to stain such sections wlth .Methyl green-Pyionin. 
Even after storage for 24 hours the nuclei and ckromocomes were only red. 
The bluish green colour assumed by the chromatin nhen Acetic alcohol or 
I. F. A. fixed material were staaed mith Methyi green-Pyronin was absent 13 

Navashin materral fixed for 24 hours. 
The reaction of the various organelles to staiamg xith Giemsa and Methyl 

green.Pyronin solutions are summarized i n  Table I. 

Organelles G1em.w MerhjI green-Pyronin 

I .  Resling cells 

(1) Chromatin Purple red Bluish preen 
(il) Nuclear membrane 

(111) Nucleolus Blue Red 
(IV) Cytoplasm 

11. Dnidin: cells 

(i) Chromosomes 

(a) Prophase and late Purple red Bluish green 
relopbase 

Dark Dark 
( b )  M e w  aria-, and early Purpl,sh red 

telophases 
Blrlish green 

(purple red + blue) 

(11) Polar caps 
(ill) Spindle 
(iv) Poleward regions of rhe Red 

splndle .: . I (v) Phragmoplast 

(vi) Cell Plate 
(a) Early telophase . . Unstained Unstamed 
(b) Late telophase . . Stained Stained 



Dlscus$mN 

Iodlne-formaldehyde-acet~c ac~d gave opl11n:d p l ~ s c r ~ ~ i t l ~ ~ l ~  lrl' t k  celi orgx- 
nelles. Materlal fixed in ~t can be sectioned w ~ t h  c;iso urillhc tlio\c iir hcctic 

which show shrinkage as Neil as brltllencss. 7'hc diffcrenc: between 
I. F. A and Acetic alcohol js that there is an accen1u:itron of liie I ' l i~c ctiiour 
of Giemsa and the red of Methyl green9yronm In t l ~ e  formcr iix;itivc. 

lmmers (1957) recorded 111s inab~lity to sram tlic resling oiiclc~ durmp the 
first mitosls of the fertihzcd sen-urchln eggs The nuclei of I l ~ c  root tip ccllr 
of Allurn cega, however, ahow a clear differenti:il staining (l'lioli% 1 :in* 9 ) .  
Jacobson and Webb (1952) described the nuclear membranc :IS cirl~~urlcra iiliile 
Agrell (1958) reported 11 a?  famt red In the pronuclcuv of ~a.~-:lrcliiii epgb lo 
Alliunl cepn the nuclear membrane has the same colour 8s tlio iyrrrpl.i~~ll and 
the nucleolus (Photos 1 and 9 ;  c f Subremi~riyarn and Suh~arn;~n~;~rr i .  11)57, 
rhoto 1). Thls ir remio~scent of the stamma of nucie:ir men~brmc red (Photos 
16, 23 and 30) by Methyl green-Pyronln and would conform In the preicact of 
a distlnct membrane reported from electron microgmpl~s of plant ( l k ,  1957) 
and anlmal cells (callan and Tondm, 1950; Watson, 1954: Kii111 ;ind l k  
Marsh, 1955; and Barer e l  "1, 1959) 

The sl~ght vanations ~n the colour of the chromosomer during ~ h c  vilriuus 
phases of div~sion in A//lum cepa  a able l), parnllel ;I simtI,ir o h w i n t i o n  by 
Jacobson and Webb (1952) and disagree with thosc of In~nicrs ( I ' ) ~ i f  a h o  
records a unlform magenta tlnt during all the phases. 

Jacobson and Webb (1952) suggested that the r l e o x y i r h n n u i l ~ ~ o p i ~ ~ r c i ~ l r  
were stained purple red by May-Grunvald-G~emsn and tho riho!ii~cie,rpnrteins 
blue (c 6 Knmahora et a/. 1953). Confirmatmi for the ohove w.1~ (tffrrcd hy 
them by stalnmg isolated nucleoproteins belore and after treatment uith 
enzymes The nucleoll and :he cytoplasm of Aliiurn wh~ch are blue in G~crn,a 
( ~ h o t o s  1, 2, 9 and 10) are red In Methyl green-Pyronin (Photos 16. 17, 23, 24, 
30 and 31; See Table I )  i t  should be emphasued, howevcr, that the compo- 
sition of the fixative and the time of fixat~on are major factors in ohtainlng a 
polychrornatic ~taining This IS evident from the ttans~ent nature of the led 
colour of G~emsa In Navashm material and an accentuation o i  the hlue colrrur 
of G~emsa and the red of Methyl grcenPyronin in I. F. A. marcrtal. 

Plant cells fixed in Acet:c alcohol and stained wlth Giemsa showed the 
same differential stainlng of the nuclear organelles as in yeast cells fixed in 
I F. A. (~ubramaniam et al. 1959). Ev~dence is presented In this paper to show 
that this similarity m the structure of yeast and plant nuclei could be delnons- 
trated in mater~al fixed in I. F. A and stained with Giemsa 
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DESCRIPTION OF PHOTOhIILC'RO(jRA1'liS 

PLATE I 
Photos 1.8 Sect~ons of roots fired la  Acetic aicohol and rtatneil wit!i ( r i C l : i u  . cn.. ?,000. 

1 The nuclear membrane is continllouc 

2 Prophase The polar caps merge with the nuclear nternhrdnc 

3 Prometaphare The fibrous nature of the rpindlc I.; clear 

4 Metaphaso The pr~mlncntly ~tillncd chromoromcli lie o n  lile cqli.ltor of tho 
spmdle 

5 Anaphaso The palcward regions of the spmdle are very cicm 

6 Anaphase The mterzanal fibres arc blue 

7 Early telophase The phragmoplast is seen with the cle:ir unwiinr'd cell plate. 

8 Late teluphase The cell plate shows the rccnnontc of the phrilgrnopiart a! 
~ t s  ends 

9-11 Seciion~ of the raat ttps fixed m lodine~formaldchyd~~~c.etic u c ~ d  uod stained 
w ~ t h  Giemsa x ca , 2.000 

9 The nuclear membrane 1s clear 

10 Prophase. The polar caps and the nuclear membrane arc rl~icunrhlc 

11 Prometaphnae The fibrous spmdle i$ very distinct 

12 Metaphase The spindlc and the chromocomes are clcar 

13-15 Sections of roots fixed m Iodine-formaidehyde-acettc n c d  and stained With 
Cicm~a Xca., 2,000 

13 Anaphase with the polcward and interzonal regions of the spindle 

14 Early telophase. The phragmoplart is promincnt. The ueil plate li unstnined 

15 Late telophase wlth the stained cell plate and the knob4ko rcnnvmts of the 

phragmopla~t 

16-22 Sections of root tlPs fired m Acetlc alcohol and stained with Methyl green- 
Pyronln. X ca , 2,000 

16 Resting nucleus The two nucleoh and the nuclear membrane arc stained red. 
17 Prophase with polar caps impercepttbly rnerplng with the nuclear membrane. 
18 The fibrous spmdle stained red is clear 
19 Metaphase with the spindle. 
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PLITE 111 
D~fferent~al  r tamne of the cell organellea of ANlum eepo 

"ring a new f i x ~ m ~  and a new slam 



1 ate tclaphorc Thc ccll pl,~re and rile ;cm?ants o f  the piiragmoplrrt ara 
stamed 

39-31 Scctmns of roots fixed m havd4im's flu:d snd slamcd wtl i  Mcrhyl greel- 
Pyronm x ca , 2,000 

SO Note the oucleal membrane. 

21 Prophore 'Thhe polar cap 5.; outrcdz the nuclear membrane 

32 l'rometaphasc The l ib lorn ~ p m d i e  can be seen dintinctly 

33 Metspharc Note the i y ~ n d l c  fibres convergmg a1 the pnlcr. 

34 Eaily snaphale ui th  the bipul.lr sgmdlc conveiglngat hot11 fhc polrs 

35 Early lelopharc. P b i a g m o ~ i u t  w t h  rhe unstained call p!a:e 

36 Raily telophasc Phragmop1a.t wrh the stameJ ccll plate 

37 Lale lelophsre The lcmnvnts o i  ibe plupmoplilrt are pruilmuont 

Keu TO L ~ T E R I N G  
CP , Cell Plale, CHK . Chrornoaomcs , IZF., Intrimnal fibres ; N M  . Nucleaimernbnnc; 
NU . Nucleolus ; PIIK., Phragmopiart, 1% , polar cap; PRS , Polaward reglans of the 
splndle; SP , Sptudle 


