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ANAKOINQZEIZ MH MEAQN

BOTANIKH.— The assimilation of nitrates by higher plants®, 4y C. P.
Sideris. *Avexowodn vmwo . 1. Iokitov.

The problem of nitrate assimilation by higher plants still seems to
occupy the attention of students of nitrogen metabolism. It appears that
the views of the different investigators on this matter are confusing as
certain of them have claimed that nitrates may be assimilated by all the
different tissues of the plant either in the presence or absence of light as
long as there are available carbohydrates while others are still questioning
such assertions.

Schimper in 1888 claimed that nitrates become depleted in the green
leaves of plants exposed to daylight but that they are retained in those
kept in the dark. Warburg and Negelein in 1920, and Moore in 1924 have
supported Schimper’s claim. The work, however, of other investigators
such as Acqua in 1899, Thomas in 1927, Eckerson in 1924 and the more
recent one of Davidson and Shive in 1934 complicate the issue of nitrate
assimilation considerably because their views do not coincide with those
of the previous investigators. The literature on nitrogen metabolism is a
very extensive one and I do not wish to extend my comments beyond these
few and brief remarks particularly in a paper of this kind.

In our studies on the nitrogen metabolism of pineapple plants we
wanted to investigate the problem of nitrate assimilation further and for
that reason we adopted a technique which would give us a definite answer
to the problem. The technique which was adopted consisted as follows:

The different organs such as stem and leaves of the plant were
separated and were grouped according to the age of the different tissues
and were subdivided on the basis of their specific physiological function
as shown in Figure 1. Thus, we have separated pineapple plant tissues on
the bassis of this classification into as many as 40 individual samples. The
cortical and pith tissues of the stem were separated and each one of these
was further subdivided into its basal, apical, lower intermediate, intermediate
and upper intermediate tissues all of which are designated by the letters
A, B,C, D, E etc. as in Figure 1. The leaves have been classified on the
basis of the stem classification. Thus, those which were attached to the
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stem tissue belonging to any one of these sections mentioned were grouped
together and assigned the same symbol as the one possessed by the stem.
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Leaf and stem groups and tissue sections.

Legend: 1.— 400 lbs N. per acre a.— Leaf tissues
2.— 2000 » » * » b.—Stem cortex
3.—20000 » + » » c.—Stem pith

The different tissues of each leaf were further separated into basal, lower
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intermediate, intermediate, upper intermediate and terminal tissue sections
which are designated by arabic numerals as 1,2, 3,4 and 5.
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Leaf and stem groups and tissue sections.

Legend: 1.— 400 lbs N. per acre a.—Leaf tissues
2,— 2000 » » > > b.—Stem cortex
3.—20000 > > * » c.—Stem pith

The plants which were employed for these studies varied in age, some
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of them being very young and others mature plants. The quantities of
nitrate nitrogen which had been applied also varied. Certain of the plants
received very small while others very great quantities of nitrates or ammo-
nia. The various tissues had been analyzed in the fresh condition. Each
tissue group or sample was ground separately in a mortar using quartz
sand. The fluid portion or juice was extracted using water and the analyses
of nitrates and sugars were conducted on the cleared sap using diphenol-
sulphonic acid for the determination of nitrates and the method of Bertrand
for the determination of sugars. The results which we have obtained are
presented in Table 1 and Graphs 1 and 2.

Column 1 shows the values of nitrate nitrogen of the plants grown
under ordinary field conditions and fertilized with about 400 pounds of
ammonia nitrogen per acre; column 2 those of the plants receiving about
2000 pounds of ammonia and nitrate nitrogen, and column 3 those of the
plants grown in large concrete containers and receiving about 20,000 of
ammonia and nitrogen. The best and most vigorous growth was made by
the plants represented in colnmn 2. The plants in column 1 developed
normally but not as well as those in column 2, while those in column 3
were very abnormal with their older leaves dying back and any growth
made by the new leaves was slow and rather insignificant.

The values of nitrate nitrogen in Table 1 are lowest in column 1,
higher in 2 and highest in 3 indicating that the rate of absorption of
nitrates was in direct proportion with the quantities of nitrates or ammonia
applied to the soil. However, the most interesting feature of all these
investigations is the distribution of the nitrate nitrogen in the different
tissues. It will be seen that the quantities of nitrates are relatively high in
the tissues of the stem and in the basal white tissues of the leaf or the
tissues either totally lacking in chlorophyll or containing very small
quantities of it. An idea of the distribution of chlorophyll in the various
tissues of the leaves may be obtained from the last column in Table 1.
The values represent milligrams of chlorophyll per gram per square
centimeter, which is obtained multiplying the quantity in milligrams per
gram of tissues by that per square centimeter of leaf surface. The tissues
with relatively great quantities of chlorophyll do not contain any nitrate
nitrogen except those of the abnormal plants appearing in the third
column where the chlorophyll has undergone considerable breaking down.



TABLE i

l Nitrates p.p.m. Total Sugars Y/, Chlorophyll
Tissues = mg.
| o100 48 | 3 1 | 2 ] 3 | per gm.<cem.?
LEAVES 1
A: 1 | 3Bt — | — {289 — | — 0
2 P M TR = | R T
3 DR NS BN L [ 0.0845
B: 1 | 301 13020 4504 241 251 150 0
2 0 | 77.6| 3820/ 1.90 | 219 | 1.49| 00177
3 | 0 | 87| 970| 298 | 2.74 | 090 01115
4 | 0 0 |dead | 365 | 253 |dead | 01050
£ s | 58413330 564.0| 296 261 167 0
¥ | 382] 1050 364.0| 240 | 260 | 153  0.0400
3 0 | 50| 655|281 258| 099 01670
A 0 | 0 | 243 351 292 084 014%
z 0 | 0 |dead 414 | 332 dead | 0.1180
D% 1 129.5| 2240/ 360.0| 2.93 | 242 | 159| 0
x | 600 1580 3030 289 | 249 | 1.71| 00237
§ 0 4.6‘ 261 260 260 130 00558
¥ 0 | 0 88 355 309| 080 01015
g 0 | 0 | 0 | 447 | 426 dead  0.0864
E: 1 64411970 2310 271 | 251 1.19] 0
5 47011000 1965| 252 | 256 | 136/ 0.0137
g ‘ 0 48! 358| 1.71 | 2.56 200/ 00355
s .0 0 | 0 | 28 | 321 214/ 0.0702
5 . 0| 01 o0 ! 315 35| 1.9 s
PEDUNCLE )
il 170 500 766| 267 | 304 154 0
2 | 50 50| 428| 267 | 278 | 1.94| 00166
5 0 0 0206|275 — | o002
STEM 1 T |
A: Cutbax STOST - S TSR N T T
Pith B8 L paget) yesr  NQuwRIR S8 B
B: Cortex | 1240 190.7| 2260 125 | 1.33 | 077 0
Pith  111.8 2780 3120 084 | 086 | 076/ 0
C: Cortex | 63.2|102.8|2365| 215 | 224 | 070! 0
Pith | 149.6| 237.0| 4935| 110 | 122 062! 0
D: Cortex | 592| 1064 262.5! 286 | 2.89 | 087 0
Pith 76.3| 1092|5640 169 | 166 062 0
E: Cortex | 584| 838 — [314]302| — | o0
Pith 167.5 1385, — | 268 281 | ~— E 0
PEDUNCLE
G: Cortex l 562| 582| — | 3.02| 312| — 0
Pith | 1375 782] — | 305|247 — | o0

» 1=400 pounds nitrogen per acre.

2=2000 p. 1. p. a. 3=20000 p. 1., p. a.
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Therefore, the presence of nitrates in chlorophyllous tissues may indicate
either a pathological condition or one where the quantities of chlorophyll
are not sufficiently high to assimilate quantities of nitrates proportionately
greater than their capacity. That this latter condition is possible sometimes,
one may look at Table 2 as an illustration as it contains certain results
which were obtained on maize plants grown in nutrient solutions of
different initial concentrations of iron, the different iron concentrations
having influenced the production of different quantities of chlorophyll.
TABLE 2

Total plant weight, chlorophyll, total sugars and nitrate nitrogen values obtained on
Zea mays plants grown in nutrient solutions at different initial concentrations of iron

Iron initial Growth* Nitrate
concentration |per plantweight Chiorophyll A Sugarst Nitrogen
o _— mg. per cm. per cen D Dot
175 41.0 0.003 0.2 206
3.50 61.0 = 0.4 100
7.00 92.0 0.037 1.0 29
14.00 140.0 0.044 1:8 4
28.00 101.0 0.051 1.7

It will be seen in Table 2 that the concentration of nitrates in the leaf
tissues of the maize plants is in inverse proportion with the quantities
of chlorophyll and the initial iron concentrations, indicating that the
assimilation of nitrates was more or less in proportion with the quantities
of chlorophyll present.

CONCLUSIONS

The results of these studies indicate beyond any doubt that nitrates
are assimilated in the chlorophyllous tissues of the pineapple plant. Nitrate
assimilation by maize plants has been found to increase with greater
quantities of chlorophyll in the tissues and vice versa.

The sugar content of tissues which do not take part in the assimilation
of nitrates such as the stem tissues, plays no important part in the
assimilation of nitrates within such tissues. The sugar content of the leaves,
however, is influenced by the nitrate content of such leaves being higher
with a low nitrate content and vice versa.

Further studies on the immediate by-products of nitrate assimilation
are under way.

The writer wishes to express his very sincere thanks to his assistants
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ig. 3b.—Different leaf groups

F

Fig. 38.—Different leaf growups (a-c).
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Fig. 4.—A young plant of Ananas sativus.

Fig. 5.—4 fruit bearing plant of Ananas sativus.
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MEPIANHYIZ

Al Sukpopor perétan dmt THg apopoidaewg Tob viTeod alwTou Ko TEY AvwTépwy
Tpaaivwy QUT@Y slvor HputTedels xot aRéBoat, Si6TL GTEPOUVTAL XPRETX TELGTIXGY Trel-
papaTin®y amodetbewy. Twic Tdv peletdv TodTwy, d¢ «i Tob Schimper, tot War-
burg xai Negelein xai 7ot Moor dmopaivovtan GTL % dpopoiwaig Tob viTpwLol
a{dhTou yiveTton xatdk 70 wAcioTov Um0 T@Y @OAAwy, xad 8v ypdvoy ebplorovrar Hmo
v énidpaay 7ol Ahaxol ewTée. "Adhar Gpwg peldTar, ¢ «i Tob Acqua, T
Eckerson, tot Thomas xal i tekevtaing dnposicvdeicar tob Davidson xat Shive,
ioyuptlovrtan 67L f dpopolwarg Tob vitood alwTov yiverar xad’ Ghag Tog Gpoc TOY
Hpepovuxtiov xal U’ Ghwy T@Y ioTdY TOD QuTOU.

Kavd tag fpetépag dpsbvag ém tob Ananas satrous dxvtehesdelong Gmo Tog
xhpatohoyinds cuvdirag Tév vicwy Hawail, 16 vitpuxdv &lwoy, xxtémy THe dmop-
pogricemg Tou OO THY ptlGy, peTapépeTor dix pésou TMY dxpdpwy IBTMY TOL %oppod
péyper oV Pacindy ioTdY TV @OAAWY xwplg TNV Topopiepdy yMpety  petoBolAy.
Méhig Gpwg eddoy elg Tobg ioTods Ty elAhwy oitveg apdovolow elg yAwpopdiddyny
T67e Tayéwe Eppaviletar petaadddpevoy elg dkpopdy Twa évépyavoy &lwTolyov
odotayv. Eig madodoynkg mepimrtdiaeis 9 dpopoiwolg Tob vitpuwod aldhTou div elvan
ooy Tayeix 6oov elg T& navovirédg AerToupyolvra @OAAx. ‘Qoxdtwg f mosdTng T
Y AwpopdAdng TEY drxpbpwy iaTEY TMY POAAwY GuvTehel xaTe wOAD eig TV Bpadeioy
% Tayeiay apopoiwow Tob viTpwod aldTou.

“Obev, énml 77 Pxoct TGOV dxpdpwy TEPAPXTINGY KTOTEASGUXTWY, T OTOTX
avapépovtarl dvetépn, duvdpeda va eimwpey pete memordosws 6Tt N doopoiwals Tob
vitowod aldTov cuvtesiTar pévov dvtog TV TpxGivwy i6TEY TEY QuT@Y xal Gyt
gvtog éxelvov oftweg atepobvTar xAwpopldre.

IATPIKH. — Iewpapatizal €oevvor émi tod mdixov Tig madoydvov
dodoewe dvaegofiiov oreemroToos, ino M. A. Hevlevdxn. °Ave-
nowddn oo % I'ep. Poond.

'‘Ev <f ouvedply 7ig 16 AexepBplov 1933 g “latowmiic ‘Evopelag Adnvéy,
AvEXOWWOXUEY TEPITTWGLY TvELpovIRTlg xal TAsupLRTig purNTIKGEWS, %o v TapETn-
phoxpey &v Tolg mTuélowg xol T mwhevprTixd Oypd wownTa, odTwog ) Srontépa
demropepng Zpeuva dv 7@ EAdnvind lvoritoiTte Pasteur, anédeife Tdow &v voig
wruéhog Gow xadl év T® whsuprtid® Oypd TV Umapfly oTpEmTOTEL(0S AVATTUGGO-
évou pévov el dvaepoBiovg xadhiepyelag. (Cohnistreptothrix Pinoy).

Ak 7ob olitwg dmopovedévrog winntog EEeTedéonpey OELpRY TELPXLATIGU®Y ETt

Swxpbpwy {Hwy.

* M. PETZETAKIS. — Recherches experimentales sur l’action pathogdne d’un streptothrix
anaérobie sur le singe.



