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THE root apex has now become a classic experimental material for analyses of development 
and growth and associated biochemical activities. These developmental phenomena have 
been related to changes in protein, DNA, RNA, the activity of several enzymes and some 
carbohydrates. Interest in the energetics of development and growth indicates, however, a 
need for more knowledge of substrate distribution and metabolism in the zone of the principal 
detectable developmental changes. 

There have been repeated qualitative and quantitative determinations of simple sugars and 
starch in roots.l-3 Ramshom4*S studied the distribution of sugars along the developmental 
axis of Vi& faba roots, and the relative utilization of glucose, fructose and sucrose in aerobic 
respiration and the Embden-Meyerhof pathway in the root apex. Jensen6 found that the 
total carbohydrate and the hexose content of the cells of the first 2 mm of Allium cepa roots 
were directly proportional to cell volume, but that this direct relationship was not retained 
during elongation. Hellebust and Forward 7 have followed changes in glucose, fructose and 
sucrose as well as sucrase (vertase) activity in the root apex of maize (Zeu mays), and 
found notable kreases of sucrose, glucose and fructose for 3 mm from the apex basipetally. 
The complex relationships of these sugars indicate involvement of consideration in addition 
to the simple tram&cation an6 inversion of sucrose. 
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Here consideration is given to the quantitative distribution of sucrose, ghtwse, fiructose 
and starch in l-mm segments of the fbst 10 mm of the maixe (2%~ mqys) root apex in relation 
to developmental changes of growth, division and difkrentiation. 

RESULTS 

The proccdurc used revealed substantial amounts of sucrose, glucose, fructose and 
starch. Their distriiution per segment for roots f, 4, and 5day-old make is shown in 
Table 1. In the tit segment, values for sucrose, ghtcose and frwtose are all low, and the 
differences are probably not signitkant except perhaps for the higher sucrose value in &lay- 
old roots. In the second segment the amount of sucrose is at its peak and it substantially 
exceeds that of glucose or fructose. Basipetal to the third segment, glwose and fm are 
present in significantly larger quantities than sucrose. 

Glucose per segment increase s up to the sixth millimeter. In 3day-old roots there perhaps 
is a slight decrease beyond the seventh millimeter and then a further increase. In 4- and 5- 
day-old roots there is a more distinct drop beyond the first peahand then an increase to the 
tenthmillimetersegment. Fructosereacheshighv~~inthefifth,sixthandseventh~nts 
in 3day-old roots and then decmases. In 4- and S-day-old roots it reaches a somewhat higher 
value and remains high but perhaps not constant in more basipetal segments. After reaching 
a distinct peak in the second millimeter segment in 3-day-old roots sucrose decreases to a 
lower value. Sucrose distribution in 4- and May-old roots is similar to that in 3day-old roots. 

Starch reaches a peak in the second millimeter and then falls off to variable values in the 
more basipetal segments. As seedling development proceeds there is a general decrease in 
the starch values. 

In Fig. 1 the same data are presented on the basis of carbohydrates per unit of dry weight 
per segment. The carbohydrate distribution on this basis is similar to that shown in Table 1, 
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excepting that starch decreases from the first segment basipctally. The conocntration values 
must be considered in relation to the changing weight per segment of the root apex that 
ornery progressive &v~opme~t of the seedling. 

When these carbohydrates are comidered on a per cell basis (for 5-day-old roots only, 
Fig. 2), glucose increases to the Wth millimeter, with an apparent drop in concentration in 

~~~~~~n~~~~daf~~ toahigher Fructose shows a 
similar increase but there is no drop. Sucrose is consi~~y low, with perhaps a slight 
increase in the sixth and seventh millimeters. Starch per cell appears constant from the root 
cap into the second millimeter segment after which a slight increase is indicated. 

IXSCIJSSION 

The exits carried out by Ed&man et a/.,* with ~~-~~~~ sugars mggest that 
in germinating cereal grains gl~se is absorbed from the endosperm by the scutellum where 
with fi_pctose it is converted to sucrose and transported in this form. In extracts of barley 
scutella the authors d~o~~~ all the enzymes which can efkct conversion of hcxose to 

9 J. Ebfmm, 5, J. Smmo and A. I. Km, &l&p. Butmy. 10,178 (1959). 



~lopmcnt chnngcs in distrlbutloll of w inmaizA!rootapu 923 

sucrose via the pathway mediated by uridinediphosphate ghtcose.r*~ 11 In maixe, there is 

progressive decmase in the lipid content of the scutelhnn during germinationi* which could 
represent an additional source of sucrose.lJ 

The high sucrose content in the second miEmetet segment corresponds to the region 0f 
most intensive cell divisionf4 and the highest respkatory and fe~~ou activity.% 15 
Hellebust and Forward7 indicated low sucrase (invertase) activity in this region, a fact 
that may account for the high concentration of sucrose here. The indicated peak of sucrose 
concentration does not appear when the data are presented on a per cell basis since there are 
approximately twice as many cells in the second segment than in the first. 

Major increase of glucose and fructose coincide fairly closely with the extent of the region 
of major cell elongation. During this increase and subsequently throughout the first 10 mm, 
glucose predominates. This fact together with’ the low glucose and fructose concentrations 
of the apical portion of the root suggest that the high concentration of sucrose in the second 
segment is iudeed an accumulation. 

It is likely that the decmase in gl-se in the basil-&al region of the 3day-old root apex, 
which becomes relatively more pronounced in the 4- and S-day-old root apices and which 
alsopertainsonapersegmentandperunit dry weight basisforfiuctoseisassociatedwiththe 
development of secondary roots from the primary root. This dip in curve not only occurs in 
the region of secondary root origin but is moved acropetally in the aging root, commensurate 
with the acropetal progression of the origin of the secondary rootal 

The changing relations between the hexoses and sucrose and starch along the root axis 
suggest the possibility of u&line nucleotidcs participation in sugar conversion. Hydrolysis 
of sucrose and of starch surely accounts for some of the marked increase in ghtcose and 
fiwtose as cells are displayed basipetally with the starch hydrolysis making for some of the 
disparity between the hexoses. In the root apices of Zea nwys, 7 sucrase activity exhibited one 
peak, coinciding with the region of maximum cell elongation, the region that is here reported 
as that of the greatest glucose and fructose increase. 

In cross-section of root segments the amount of starch is very changeable. Thus, the 
average contenti of starch per cell represented in Fig. 2 could be subjeot to error. The same 
may be true for other carbohydrates. 

On a quantity per segment basis, the diminution oftbe difference is accounted for in part 
byreductionintheamountofgl~sepresent,butmorenotablybyan incmaseintheamount 
of fructose present. On a dry weight basis it is accounted for by an increase in the amount of 
fructose ~0~~0~~1~ greater than the increase of glucose. Whether these results indicate 
diffkkntial increases or difkential utilimion is not known. 

EXPERIMENTAL 

Seeds of maim, a hybrid, University of Texas laboratory NO. 854 X 857,1%O stock, were 
grown in au incubator in red light at 254 1: 1-O” and - 80 % relative humidity. The average 
root length of 3-, 4- and 5day-old roots was l-8,7 and 10 cm respectively. Roots selected 
for analysis did not vary more than 10 per cent from these averages. 
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‘3 H. Bmmts, i&hire 191,433 (l%l). 
‘4 W. k ST~MRD, DLsawtut~ University of Texas (1%2). 
‘5 A. -, m University ofTa (1960). 
16 C. Hxmucu, G. S. w and W. 0. Wuus~, Am. L &Way 37,84 (1950). 
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Attheendofthegrowthperiod, IO-mmapicalsegmeutswereremovedfromtheprimary 
roots and cut with razor-l&de cutters into l-mm segments. The first Sgmcnt included the 
root cap. Results are based on averages of three determinations each using 200-300 roots. 

For the d&rmination of cell number the root tips were incubated in 5 % chromic acid for 
24 hr then stirred vigorously with the “Vertex” mixer. Cell counts were made on the 
maceratedmaterial. 

The root segments were k&d in boiling 95% ethanol; sugars were then c&acted by 
grinding with he sand in So% ethanol. The supematant was evaporated in a vacuum oven 
under reduced pressure, at room temperature. The residue was dissolved in amounts of 
So% ethanol corresponding to the fresh weight of the material. Quantities of extract corres- 
pending to $10 and 20 mg fresh weight were streaked on Whatman No. 1, cbromatographic 
grade, paper. Chromatograms of standards and plant extracts were run four times with 
acetone: butLno1: water (7:2:1) as the mobile phase.l’ The sugars were developed with a 
treatment involving anilinephthalic acid and differential heating.‘* The quantitative analyses 
were carried out with a Photovolt densitometer with titer No. 450, narrow band. Each spot 
was scanned and the minimum per cent transmission value recorded.l* Quantities of sugars 
were determined by comparing these transmission values with cufyes from comparable 
densitometer readings of chromatograms prepared from known amounts of sucrose, glucose 
and fructose. 

The residue remaining after the sugar extraction, was extracted twice with perchloric 
acid.* After filtering, residual glm units were determined by means of the anthrone 
piW8dure,19-z1 using a Klett photoeleck calorimeter with No. 64 filter. The quantity of 
residual glucose units has been converted to starch equivalents according to the method of 
Pucher ct a1.22 
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