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For many years, scientists have known that plant 

foliage will absorb solutes applied to their surfaces. 

This important function has always been greatly over- 

shadoweti by studies on the primary function of plant 

foliage, photosynthesis. l In recent years, however. there 

haa been much interest in the study of the pathways and 

mechanisms by which solutes applied to foliage are 

absorbed. 

Jyung and Wittwer, in 1963, demonstrated that foliar 

absorption was an active uptake process.2 Using radio- 

aative laotopea and a newly developed leaf-washing and 

leaf-immersion technique, they found that the over-all 

absorption action is directly related to cell metabolism, 

and that proteinnoeous aarriera probably play an important 

role in the uptake praceae. 

The studlea of J J N ~ ~  and Wittner did not show a 

differentiation between absorption due to the active leaf 

oella and absorption due to stornatal activity, cutioular 

'w. A. Jyung nnb S. H. Wittrer, "Pathmra and 
Mechanisms for Foliar Absorption of MlneFal  nutrient^,^ 
&grlculturd. Sclenoe Review (Seoond Quarter, 1965 1, 25-36. 

2 ~ .  8. Jyung and S. H. Wlttwer, nFoliar Absorption - 
An aotive Uptake Procees,n iLmerican Journal of Bobng, LI 
(April, 19641, 437-444. 
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diffusIOn, cracks in the leaf' surface or translocation in 

the leaf. Then, in 1965, J p u ~ ,  Wittwer and Bulrovac, using 

an isolation technique moaified after Zaitlin, isolated 

individual cells from plant leaves.  his provided a means 

for studying leaf absorption without the influence of other 
, 

surface factors. Their work supported the previously 

proposed theory that absorption by plant foliage is an 

active uptake process coupled with cell metabolism. 1 

The problem arises as to how this active absorption 

process is coupled with the metabolic processes. This 

Investigation of plant leaf cells was concerned with 

respiration, which is only one of the many phases of the 

metabolic processes, and with the phosphate ion, which is 

only one of the many ions absorbed by the leaf cells. It 

m e  the pmrpoae of this inveatigatlon to study the relation- 

ship between the active uptake process of the phosphate ion 

Into the leaf 0011s and the respiratory activity of these 

cells. 

'u. 8. J-, 3. R. Wlttrer, and M. J. Bukowc, 
"Ion Uptake by- c e l l s  Enzvically Isolated from Green 
Tobacco Leaves, Plant Psysiolony. XXXX ( Play, 1965 1, 
410-414, 



CHAPTER I1 

HISTORY 

It has been well established tha t  a plant leaf  can 

absorb so lu tes  applied t o  i t s  surface, Very l i t t l e  i s  

known ye t  as t o  the  mechanisms by which these eolntes a r e  

absorbed i n t o  the  l ea f  ce l l s ,  

Most of the  work done i n  t h i s  area has been with 

i n t a c t  leaves ,  whole excised leaves, pa r t s  of leaves o r  

l eaves  propagated i n  t i s sue  culture. Very l i t t l e  work has 

been done with l e a f  c e l l s  isolated from the surrounding 

p l a n t  t i s sues ,  

Chayen, i n  1952, devised a technique f o r  i so la t ing  

p l a n t  ce l la .  Using an aqueous eolution containing a t en  

p e r  cent conoent~at ion  of pectinase and a one per cent 

concentrst ion of peptone, he was able t o  succesefnlly 

separa te  and l ao la t e  e ingle  root c e l l s  from the surrounding 

va~oular and epidermal t ~ s m e . ~  T h e  enzyme, pectlnase, 

eeparhted the c e l l s  by hydrolyzing the pect ic  materiala 

i n  t h e  aemant of the  middle lamella which holds plant  

c e l l a  together, 

' 5 .  Chayen. wPectinaac Technique f o r  Isolat ing 
P lan t  Cells.  Nature, CUM (Deoember 20, 1952 1, 1070-72. 



¬ hat same year, Wood, Cold and Fkwllnsl using these 

same pectic type enzymes Were able to isolate cells from 

leaves, stems, roots an8 storage tissue for structural 

analysis of the cell wall under the'electron microscope. 

Letham, in 1958, developed a new technique for 

isolating plant cells by maceration. He found that the 

chelatlng agent sodium ethylene diamlne tetra acetic acid 

would dissolve the pectic materials of the middle lamella, 

Using this material and with light maceration and shaking, 

he could separate and isolate cells without destroying them 

or aausing changes in the cell volame.2 

In 1959, Zaitlin applied Chayents pectinase technique 1 C :  I 
'I 

to the separation of leaf cells, With the pectinase i 
solation, he mccessfully isolated and studied tobacco leaf 

5 
: t  

calla. Ha noted that chloroplasts could easily be seen and e 

' t 
that Brolmian movament occurred in these calls. He also t b 

8howed that t h e m  isolated cells were capable of gnpporting 
! 

colonisa of tobaoco mosiac vlras, 3 

'R. K. 9. Wood, A. H. Gold, and T. E. Ilerlins, nEZectron 
Mlorouoopy of Primary Cell Walls Treated with Pectic 
Enzymes, Amerioan Journal - of B o w ,  lW[M (Febmary. 1952 1. 
132-133, 

*D. S. LethPm, nMaoeration of Plant Tlsme with 
Ethylene Mamine Tetra Acetic Acid," Nature, CLXXXI 
(Jarnary 11, 19581, 135. 

3 ~ .  Zaltlin. nIaolation of Tobacoo Leaf Cells Capable 
of Supporting Virus Multiplioation, Nature. CLXXXW 
(April 4, 1959 1, 1002-1003, 
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Jyung, Wittwer and Bukovac, in 1965, revised and 

modified the pectinase Procedure for separation of leaf 

cells of tobacco and bean plants. Using combined techniques 

of their own, along with techniques and ideas from Zaitlin, 1 

~ e t h a m , ~  and ~ u r ~ , 3  they devised a better and more efficient 

leaf cell isolation procedure. They studied absorption 

characteristics of these isolated cells. With ions of 

~ b i d i ~ m  and phosphate, these men demonstrated that ion 

uptake at the cellular level rras an aotive process.4 This 

supported their previously proposed theory of the active 

absorption of ions by the leaf as a wholee5 They also 

investigated the action of the antibiotic Chloramphenicol 

on protein synthesis in lsolated plant leaf cellse6 They 

found that rubidium ion uptake was reduced and glycine 

incorporation into protein was inhibited. The primary 

effeot of this antibiotic was on protein synthesis and 

3 ~ .  P. Burg, E. A. Burg, end B. Marks, "Relationship 
of Solute Lankage to Solution Tonicity in Fnxits and Other 
Plant Tissues, Plant Phgslolo~y, XXXIX (brch, 19641, 194. 

4~mng, Wittwer, and Bdcorae, Go 

hi. H. Jytmg and S. H. Wittwer, "Foliar Absorption- 
An Aative U take Process," American Journal s Botany, LI 
(April, 196r), 437-44b. 

He Jmng, S. He Yithrer, and I. J. Bukovac, "Ion 
Uptake and Protein Synthesis in Enzmically Isolated Plant 
Cells, Nature, CCP (~ebruary 27, 19651, 921-922. 
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not on amino acid uptake. This suggested that the absorption 

of the rnbidlum ion is C ~ O E ~ ~ J .  correlated with protein 

synthesis. 

Kannan and Wittwer, in 1965, studied the effects of 

urea and chelating agents on iron absorption by isolated 

leaf cells. They found that urea greatly enhanced iron 

ion uptake while the ohelating agent ethelene diamine tetra 

aaetlc acid suppressed its uptake, even though It was not 

significantly absorbed by the cells. 1 

Also in 1965, Jyung, Dilley, Wittwer and Bnltovac 

studied the effects of certain growth retardants on isolated 

leaf cells. They found that rubidium Ion uptake was not 

affected, but that oxygen uptake was reduced by these 

retardants. Certain retardants decreased chlorophyl degrada- 

tion while othera increased it. Certain retardants were 

found to greatly lnoreaae the respirato~ activity of the 

oslls. This lad to the suggestion that the mode of action 

of growth retardant8 at the oellular level may be distinct 

from tisme and the whole plant 

's. K a m n  and S. H. Wittwar, nEf'fects of Chelation 
and Urea on Iron Absorption by Intact Leaves and Enzymically 
Isolated Leaf  cell^,^ - Plant Physlolo~y Supplement, CXL 
(~uguet, 1969, 12. 

*w. H e  Jmng and others, "Mode of Aotion of Some 
Growth Retardants in Tobacco Leaf Cells," Plant Ph~siolo~y 
Supplement, XL (Auguet, 1965). 13. 
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 any persons in the coarse of their studies, have 

suggested, but never proved, the possible coupling of ion 

absorption with different phases of metabolism at the 

cellulsr level. n 2  9 3  Some have even gone so far as to 

suggest the possible correlation between Ion absorption and 

respiration. 4 

Others have suggested that carriers are responsible 

for absorption of ions and that these carriers are probably 

proteinaceous in nature.5m6 

l ~ .  H. Wittwer an& F. G. Tenbner, nFoliar Absomtion ~- - 

of ~ine&l Ehrtrlents. Anrmal~ Review Plant ~hysiolb~y , 
X (1959). 13-27. 

2~yung and Wittwer. OJ. 442. 

3 ~ .  C. Smith and E. Epstcin, "Ion Absorption by Shoot 
Tiasus8 ; Kineti08 of Potassium and Rubidium Absorption by 
Corn Leaf Tissue, Plant Physiology, XXXM (1964). 992-996. 

H. ~mng. S. A. Wittrer and H. J. ~ a o w c ,   on 
Uptake by Cells Ehzymically Isolated from Green Tobacco 
Leaves," Plant Physiology, XXXX (May. 1965). 413. 

5~yung  and Wlttwcr. 2. 443. 

ha A. Jgvng and s. 8. Wittrcr. "Pathmys and 
Mechmiame for Foliar Abeorptlon of Mineral ~utrients, rI 

Anrlcultural Science Review (Second Warter, 1965). 30. 



MATERIALS AND METHODS 

The cells used for the elrperlment were isolated from 

leaves of garden bean plants, Phaseolus vulp;aris, sold 

under the brand name 105-green pod bush beans. Seeds for 

growing these bean plants were obtained from the Earl May 

Seed Store in D e s  Moines, Iowa. 

To prevent fungal contamination, the seeds were 

soaked in a one per cent sodium hypochlorite (Chlorox 

Bleach) solution for fifteen minutes before planting. 

After aoaking, the seeds were planted in large plastic trays, 

which contained approximately three inches of vermiculite. 

The seeds ware planted approximately two inches below the 

surface of the vermiculite. The trays of seeds were placed 

on the rack of a tray stand, which had been completely 

enclosed by clear, transparent cellophane. A small hot 

plate heater wan placed inside the enclosure to keep the 

temperature conetant at approximately twenty-five degrees 

oentigrade. Light was supplied by a special fluorescent 

tube (Sylvanla Cro-lux, FlST8-Gm) placed inside near the 

top of the enclosure. 

The plants ware watered at r e m a r  intervals. One- 

half of the seeds were watered with a nutrient solution 
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containi~ d l  of the elements essential for no-1 plant 

growth. The remaining half' Was Watered with a solution 

identical to the above except that phosphoms was not added 

to the mixture. A W r Y  of the mtrlent solutions used 

Is given in Table I, 

The vermiculite Was kept nearly saturated until the 

seedlings had just begun to sprout. This took approximately 

five days. After the fifth day, nutrient solution was added 

every three or four days. 

When the primary leaves of the seedlings, grown in 

the phosphate deficient solntion, began to expand and were 

large enough to maintain the plant, the two cotyledons were 

removed. This reduced the amount of phosphate supplied by 

the cotyledons to the plants. 

The primary leaves of the bean seedlings were excised 

when they reached approximately three-fourths of their fully 

expanded eize. The seedlings were about two weeks old st 

thin time and the leaves of the normal seedlings were 

alightly more than five centimeters in width, and the 

deficient leaves were only about three and one-half centi- 

metere in width, After excising, the leaves were rinsed In 

=term with a Qnall aciasora, the midribs Were removed and 

the remaining leaf aeations were cut into narrow strips 

approxlmtely two millimeters in width and two centimeters 

In length, 



TABLE I 

NUTRIENT SOLUTION USED AS fBOWTH 
MEDIA FOR BEAN PLANTS 

Chemical Concentration per four liters 

Complete POL def iclent 

~ a ( n O 3 ) ~  0.25M 20 20 

Ferric 
Tartrate 

0.55 

Trace * 
Elements 

*Trace element solution (per liter): K C 1 ,  1864%; 
H 0 773mg; EM0 .H20, 42m; Zn30b.7H20, 200mg; 
&02:5H20, 63mg: ?w)6~07~24*4~2~. 9.2~. 

'E. A. Newcomb, G. C. Gerloff. and W. F. Whittlngham. 
P ants $J Per ective (sari Fsancisco and London: W. H. 
k n  a n m 9 6 4 ) ,  p. 54. 
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Five grams of normal leaf strips were placed in each 

of two three hundred milliliter Erlenmeyer flasks, which 

contained seventy-five milliliters of a separating solation. 

The separating solution used is summarized in Table 11. The 

same procedure was followed with the phosphate deficient leaf 

Strips* Approximtel~ ten grams of leaf strips was needed 

to obtain five gram8 fresh weight of isolated cells. 

The flasks, oontainlng the leaf strips in the 

separating solution, were placed in a constant temperature 

water bath shaker and shaken at one hundred and eighty 

excursions per minute for four hours at room temperature. 

After four hours of shaking, the flasks were removed 

from the shaker and the contenta filtered through four 

layers of cheese cloth, into a beaker. Thla removed any 

remaining parts of intaat leaf strips and arw large cl-s 

of oella, Thla also removed most of the loose vascular 

matarlal from the aolation. 

The filtrate wae added to fifty milliliter centri- 

fuge tubes and oentriinged at one hundred and seventy-five 

times the noceleratlon of gravitr for *o mfnutes* The 

green supernatant liquid was drawn off with a pipette. TO 

the ramalning cells was added Clranty-five milliliters Of a 

rinsing solution (Table 1111. After sheing the tubes 



TABLE I1 

SEPARATION S0LIJT"I'ON WITH PH ADJUSTH) TO 6.4 AND 
FINAL VOLUME OF 500 MILLILIT- 

Concentration of Amount added Final 
Cheml cal stock solution to mixture concentration1 

Glycerol 10% lOml 0.2% 

Pectinase -- lg 0.2% 

Peptone oo lg 0.2% 

Sucrose O.jM lOOml 0.1M 

Sodium 
Succinate O.1M 5(h7JJ- 

TABLE I11 

RINSING SOLUTION WITH FINAL VOLUME 
OF 200 MmILITmS 

Concentration of Amount added Final 
Chemical stock solution to mixture concentration2 

Calaium 
Chloride 

~ J ~ u ~ ,  Wlttwsr, and Bukovao, & u* 



l i g h t l y  t o  dislodge the c e l l s  from the bottom of t h e  tube. 
- - - -  - - - - -  

they were re-centrimged fo r  two mlnutes. This r insing and 

re-centrifuging procedure was repeated u n t i l  the supernatant 

l i q u i d  was colorless.  

After t h e  c l ea r  empernatant l iquid had been removed 

from t h e  last centrif'ugation, twenty-five m i l l i l i t e r s  of 

the  incubation solut ion  able I V )  was added t o  the cel ls .  

TABLE I V  

INCUBATION SOLUTION WITH PH ADJUSTED TO 6.4 AND 
FINAL VOLUME OF 300 MILLILITEXS 

Concentration of Amount added Fina l  concen- 5 
Chemical stock solution t o  mixture t r a t ion  i n  m i  r o  E I .I moles per 5ml 

, 
Sucrose 0.5M 7Oa 585 . I I 

4Oml 50 Tris-maleate o075M b 

*KH2P04 not added t o  controls I 
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After shaking llghtl~, the cells were again centrifuged at 

two hundred and fifty times the acceleration of gravity for 

five minutes. After the supernatant incubation solution 

had been dram off. ten milliliters of concentrated cells 

were brought up to thirty five milPiliters in volume wlth 

fresh incubation solution. The tubes were shaken lightly 

and stored in the refrigerator until needed. 

The apparatus used for measuring the respiration 

rates of the cells was the Gilson Differential Resplro- 

meter. In preparing the respirometer for the experiment, the 

voltmeters were each set on two hundred. The water bath was 

filled and the water temperature set at twenty-five degrees 

centigrade. The gassing valves, the operating valves and 

the disconnect valves were open and all connections were 

greased thoroughly with petrolam Jell7 (Vaseline) before 

connecting the reapiratoq flasks to begin the experiment. 

The exaeas carbon dioxide given off during respimtion 

was abaorbed by five pellets of sodium hydroxide placed in 

the center wella of each of the fourteen flasks. After 

preparing the resplrometer and the flasks, the tubes con- 

taining the suspended calls were removed from tha refrig- 

erator and ehakan lightly to mix the oells evenly in the 

eolution. 

Five mlllilitara of the suspended no& cells was 

added to eaoh of aaven flasks of the res~immeter. TO each 
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of t h e  remaining seven f lask8 was added f ive  m i l l i l i t e r s  of 

suspended phosphate def ic ient  ce l l s .  SIX tenths  of a m i l l i -  

l i t e r  of five-hundredths molar potassium hydrogen phosphate 

was added t o  four  f lasks  each of normal and four f l a sks  each 

of d e f i c i e n t  c e l l s .  Three f lasks ,  with only the  suspended 

c e l l s ,  remained as the  control f o r  both groups. 

The reference f lasks  and the f l a sks  containing the 

c e l l s  were then at tached t o  the manometers and lowered in to  

t h e  water bath. After  turning on the  shaker, the  c e l l s  were 

l e f t  t o  rock f o r  f i f t e e n  minutes wlth a l l  the  valves s t i l l  

open. This allowed the  c e l l s  time t o  come t o  an equilibrium 

with  t h e  respirometer system. 

After  t he  c e l l s  had reached an equilibrium, the  

gassing valve and the  operating valves were then closed and 

volumes of oxygen consumed per gram f resh  weight were 

m e a m a d  every t a n  minutes f o r  t ~ o  hours and ten minutes In  

run one and one hour and t en  minutes i n  mn t w a .  



CHAPTER IV 

RESULTS AND INTERPRETATION OF DATA 

Twenty normal and thirty phosphate deficient plants 

were used for the isolation procedure. Growth characteristics 

differed considerably between plants grown in complete 

nutrient meaia and plants grown In phosphate deficient media. 

Plants in the deficient media grew at a slower rate 

than did the normal plants. The deficient plants were m c h  

shorter than the normal plants. The leaves were smaller and 
1 
' I 

the more deficient leaves curled under around their borders 

and were a darker green in color. These growth characteris- 

tics are consistent with those reported for legumes by 

Ds Turk.' 

Cells isolated from both normal and deficient leaves 

were examined under the microscope. The masses of cells 

were of pallaade and spongy mesophyl origin. There were a 

few epidermal aells, guard cells and small aggregates of 

vaacular tiaane present. No physical differences in size or 

number of chloroplasts were obaemd. 

Readlnga of oxygen consnmpti~n were w e n  f r o m  each 

'c. E. De Turk, Plant Nutrient Deficiency Symptoms 
in Leccumos (Chapter VIII of Huwer Si~ns in Crops, ed. - 
Grove EIarnbridge. Washington: ":he A~r .er lcan  Society of 
Agronomy and the National Fertilizer Association, 19411, 
p. 247. 
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of the fourteen flasks at ten minute intemals. The 
observations recorded in Table V are the averages of each 

group. 

The respiratory trends for both the normal and 

deficient cells with phosphate added and their controls 

were similar (Figure 1). In all foor groups the respiratory 

activity was the lowest during the first thirty minutes of 

the experiment. During this time the cells had not reached 

equilibrium with the atmosphere of the respirometer. 

After the first thirty minutes, a noticeable increase 

in oxygen consumption of all four groups of cells was ob- 

served. This increase lasted for approximately fifty minutes, 

after which the cells activity elowly decreased. A n  exception 

to this trend was in the group of flasks containing the 

phosphate deficient grown cells with the phosphate added. 

The respiratory activity of theee oells continued at a more 

rapid rate until the termination of the experiment. Evidence 

as to this point may be observed in the straight line 

expansion of the phosphate deficient ells with phosphate 

added, as seen in Figure 1. 

Although the respiratory trends of each group of 

celle m a  aimllar, there were significant individual rate 

differenoes between the variables in this experiment. The 

most pronounced difference in activity occurred between the 



TABLE V 

AVERAGES OF OXYGEN UPTAKE READINGS TAKEN AT TEN 
MINUTE INTERVALS FROM THE G I L S O N  RESPIROMETER 

Oxygen Uptake In Micro liters 
Time In 
Minutes Normal Cells Def iclent Cells 

Control PO4 Added Control PO4 Added 



+++++ Normal c o n t r o l  . . . . Normal w l  t h  PO4 added ----- D e f i c i e n t  c o n t r o l  
--09- D e f i c i e n t  wi th  PO4 added 

Time i n  minutes  

Figure 1. Consumption of Oxygen by two week o l d  
i s o l ~ t e d  leaf  cells of Phaseolus vulaaris. 
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~ h o s p h a t e  def ic ien t  Cells t o  which phosphate had been added 

and the  def ic ien t  control. After complete q u i l i b r i m  was 

reached, the  r a t e  of oxygen con8umption of the def ic ient  

c e l l s  t o  which phosphate had been added rapidly increased 

over the phosphate deficient  c e l l s  control. : The respiratory 

a c t i v i t y  of phosphate enhanced c e l l s  did not decline. The 

t o t a l  oxygen consumed of phosphate enhanced c e l l s  continued 

t o  increase over the control f o r  the remainder of the 

experiment. This Increase i n  a c t i v i t y  over the control was 

s i g n i f i c a n t  ( t  t e s t )  a t  the .08 probability level .  

The difference In  a c t i v i t y  of the normal grown c e l l s  

with phosphate added and the normal controls was not as 

pronounced, For 8 period of t h i r t y  minutes a f t e r  equilibrium 

w a g  reached, a s l i g h t  increaee i n  the ac t iv i ty  of these 

phoaphate enhanced c e l l s  occurred over the control cel ls .  

Unlike the  def ic ien t  c e l l s ,  the respiratory ac t iv i ty  did not 

contlnuc t o  increase, but leveled off and remained a t  nearly 

the  same r a t e  a s  the controls fo r  the remainder of the 

experiment. Thiu increase i n  ac t iv i ty  was not s t a t i s t i c a l l y  

s lgn i f ioan t  (t t e s t  ). 

The canae of the large increase In  a c t i v i t y  of the 

d e f i c i e n t  c a l l a  and the brief  increase i n  ac t iv i ty  of the 

normal c e l l s  was associated w i t h  the phosphate added t o  the 

incubation mixture. 



Ph0SphonS plays a key role 3n m a m a  nP +ha m - + - k - l a  I 
processes of the cell such as respiration, photosynthesis 

and energy transfer. Phosphorus, as adenosine triphosphate 

(ATP), is Involved in practically every synthetic reaction 

of the cell. A deficiency of phosphate in the cell would 

suppress the formation of ATP and other phosphorylated 

compounds, whether derived from photosynthetic or oxidative 

pho~phor~lation.~ Indirectly, protein smthesis, which is 

dependent upon ATP, would be affected. Nuclear activity 

and cell division would be suppressed due to the decreased 

s~nthesle of DNA and RNA.~ All of these factors stemmim I I 
directly from the lack of phosphorus would cause deficient I 

grouth characteristics previously described for the phos- 

phate deficient plants. 

The regpiratory activity of the deficient cells 

wlthont phosphate added was nearly equal to that of the 

normal cells without phosphate added. The deficient plants 

seem to have adapted themselves for maintaining a normal or 

near normal ramIrators rate in the leaves. Nason and 

~ c E l r o y 3  report that under deficient conditions there 18 a 

redistribution of phosphorus within the plant whereby 

Moaes or aotlon 01 cne -- 
Eaaentlal Mineral Elements (in Vol. 111 of Plar,t Ph siolo , 

~-+-i%. 
cd. F. C. Stermrd. Xew Yo&: Academic Press, 1 ~ 6 3  , pa 

3Ibld., pp. 508-509. 
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phosphorus is withdrawn from metabolic less active areas 

to cells in younger more active areas. The deficient 

conditions have stimulated the redistribution of 

phosphonts from less active areas, such as the root or the 

stem, to the leaf, which is the area of greatest metabolic 

activitj in a plant. In this way the deficient plants 

could maintain normal respiratory activity as long as the 

phosphorus supply lasted. 

Eventually, with no phosphate entering the plant 

through either the roots or the leaves, the supply from 

other parts of the plant woulcl soon be depleted and the 

respiratory activity of the leaves would begin to decrease. 

This effect is shown, to some extent, in the second repli- 

cation of the experiment which is discussed later. 

The plants used in the first run were not of a stage 

where the phosphorus supply from other parts of the plant 

had bean depleted to the point of limiting respiration in 

the leaves. Deficient growth characteristics gave evidence 

that it was limiting in aells of leaf margins. 

With the addition of phosphate to the deficient 

cells, the metabolic activity of these cells increased 

greatly over the control. Thia increase is probably due 

to the svallability of phosphate and its utilization in the 

e+ll. Sutcliff reports that phosphete absorbed into barley 

roots is rapidly transferred into ATP and later appears in 



hexose phosphate found in the respiratory cycleso1 It has 

a lso  been shorn that P~~ C a n  be recovered in hexoge phogpkte 

fractions after foliar application to tomato plant leaves. 2 

If this is the case In bean leaves, then the phosphate added 

to the def iclent cells could be utilized immediately in the 

formation of ATP, or it could enter directly Into resp3mtary 

cycles. Either pathway would give rise t o  an Increased 

regplratory rate. 

Jennlngs reports that respiration in a cell may be 

governed by the cellular concentration of high energy 

phosphate acceptors, which In tarn are detemlned by the 

activity of the various mechanisms cansing hydrolysis of 

high energy compounds suck ss ATP.~ Uptake of phosphate 

mud increase the poselbility of pmduclng ATP i r z  phos- 

p h o m ~  stalved  cell^.^ Slnce phosphate is essential for 

formation of ATP, the lack of it could depress hydrolysis 

of ATP and thus decrease the regpilurtion rate. 

'5, F. Sotcliff, Mineral -w Absorption Plants 
(New York: Pergamon Press, 1962). D. 8 5 .  

2P t? W-trhm.rrr  others. "Some Factors Affecting 
1'. U. AVU"*."* cl-- - - - - - -  -. 

Absorption and Transport of Foliar Applied Nutrients as 
Revealed by Radioactive Isotopes," Quarterly Bulletin of 

icultural EXP crlrnent Stat ion, XX1=ary, &m8-- 
3 ~ .  H. Jennings, Absorption Solutes b Plant 3 

Cel l s  (~mes, Iowa:  Iowa State University Press, 19 3). p. 72. 
I 

A .  Kylin, OUptake and Loss of ~ a + ,  RbT, and CsT 
in Relation to an Active Meohanis 3m for Extrusion of NaT in 

LOIOR~, JC#XI (April. 1966). 584. 
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One of the mechanisms very likely necessary for 

hydrolysis of high energy compounds la active t r a n s p o ~  .l 

cellular absorption of phosphate has been shorn to be an 

active transport process.* Energy must be supplied for the 

transport mechanism to be effective. The n w d  energy source 

identified 1s ATP, which is supplied through the respiratory 

cycles or through photosynthetic phoaphorylation. 3 There- 

fore a deficiency of phosphate could suppress ATP formation 

and mppress the active transport mechanism which in turn 

may decrease the respiration rate in the plant cells. 

With the addition of phosphate to the normal cells, 

a slight initial inorease in the respiratory rate occurred, 

after which the rate decreased and remained the same as the 

control for the remainder of the experiment. This increase 

mar have been due to the phosphate adde8. In these normecl 

oells the phosphate was not present in sufficient 

quantities to muse a 1 ~ ~ 1 m a m  respiretorY rate. When the 

phosphate was added, it could have caused the lateto Increase i 
tO a marimurn, for a short period of time. through mechalllses 

previously desoribed for deficient cells. 

l~ennlngs. &. 
2 ~ .  H. J-, and S. u V I  ++.my- WFollar 

An Aotive Uptake Pmoess, " , 
. . , - - Absorption - 
American Journal of B o t a ~ ,  LI 

(April, 196&), 437-444. 

.on of Mineral Nutrients, 
Anricultur~l Science Review (Seoond Quarter, 1965). 33. 

- - rr , Rbs+h-ma 
3 ~ .  H. 3,-, --- -- --- 

Msahanirsms for Foliar A ~ B O F P ~ ~  , - 



A second series of observations was performed to 

verify the results of the first. Plants used for the 

isolation procedure in this run were one week older than 

the plants used previously. The results obtained were 

similar. There was an increase of the normal and deficient 

cells activity over the controls. The deficient cells 

increase was greater than the normal cells. 

The respiratory activity, as determined by oxygen 

was less than fbr cells in the first series of 

determinations. A primary cause for this was the increased 

age of the plants used. The maxirmun respiration rate for 

leaves Is reached about seven days after sprouting. After 

approximately seven days there is an immediate sharp decline 

in activity,l Plants used in the first run were two to 

three days past this period of maximum activity. The rates 

of these older plants were, as expected, somewhat lower than 

those reported for whole leaves of other plants.2 

Plants used In the second series of determinations 

were about fifteen days past the period of maximum activity 

and well into the period of sharp decline. This could 

account for the lower rates in the second experiment. 

'E. W. Yemm, Rea lratlon of Plants and Their Oruans -* Ted. I?. C. Steward. Yew 
(in Vol. I V A  of Plant Ph sio o 

-270. York : Academic Press, , l Q f l 5  

2 ~ .  Banner and A. W. Galston, Principles of Plant 
P h y s l o l o ~  (sen Francisco: W. A. F'reennn nnC Company, 1952). 
p. 223, 
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In series one the experiment was terminated after 

one hundred and thirty minutes and in series two after only 

seventy minutes. The respiratory activity of the cells 

after these times decreased sharply, approaching zero 

fifteen minutes after the termination times. 

~ g e  and temperature effects in the isolation procedure were 

the most likely causes for the early decline in cell 

activity. The isolation procedure was carried out at room 

temperature. Under ideal conditions, the whole procedure, 

up to transferring cells to the respiration flasks on the 

resplrometer, would be carried out in a room wlth the 

temperature set at four degrees centigrade. Under these 

preliminary conditions, the cells likely would have remained 

active for a longer period of time and a greater amount of 

data nith more eignificant results might have been obtained. 

From the resalts of the experiment performed and the 

literature cited, it appears that respiration is associated 

with phoaphate uptake in plant leaf cells. A similar 

correlation has been shorn in certain rootsml The relation- 

ship could be direct, with phosphate entering directly into 

the respiratory cycle as hexose phosphates. It could be an 

Indirect relationship with the phosphate comining to form 

ATP. In either pathway it w u l d  cause an increase in 



respiratory activity UP to the maximum rate where phomhete 

is no longer a limiting factor. For this increase in 

respiratory activity, phosphate must incorporate into ATP. 

ATP is needed as a source of energy for active transport of 

phosphate into the cell. Therefore phosphate Is essential 

In the metabolic process. 

There are still many questions left unanswered to be 

correlated by future experimentation. Phosphate is likely 

correlated with other mechanisms and other phases of the 

metabolic process such as protein synthesis. Isolation of 

these mechanisms and processes and their correlation with 

metabolism will provide the basis for much f n w e  work. 



CHAPTER V 

SUMMARY 

In recent years, an increasing emphasis has been 

placed on studies of Path-7s and mechan,l~s for entry 

of ions into the leaf* Nost studies of ion absorption in 

leaves have been done upon isolated cells, 

A number of investigations have given indirect 

evidence of a correlation between foliar ion uptake and 

respiration in the leaf. It was the purpose of this 

Investigation to observe If any correlation occurred be- 

tween uptake of the phosphate ion and oxygen cohsarnption 

in isolated bean (Phaseolus vuluaris) leaf cells. 

Plants naed for this experiment were grown under 

greenhouse conditiona. One-half were grom in a phosphate 

deficient medium. The other half were grom In a complete 

nutrient madlum. Leavee were excised from the plant and 

added to a solution which enzymically separated cells from 

the surrounding tiesue. The cells were filtered and centi- 

fifuged until primarily pallsade and apongy mesoph~l cells 

remained puspentled in the solution. These cells rere added 

to an inaubation aolutlon and placed in flasks of the 

Cileon Mf'f'erential Resplrom0ter. One-hdf the 

flasks contained normal 0011~. The other seven 
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contained phosphate deficient cells. Six tenths milliliter 

of five hundredths molar ~otassium hydrogen phosphate was 

added to each of four flasks in each m u p .  Oxygen uptake 

per gram fresh weight of cells was measured in micro liters 

and recorded for each flask. 

Cells from both the normal and deficient phosphate 

grown bean plants, when phosphate was added, consumed 

ovgen at a more rapid rate than did their controls, which 

ha8 no phosphate added. The increase in oxygen consumption 

of the normal cells, to which phosphate was added, was small 

and occurred only for a short time. The increase in oxygen 

consumption of the deficient cells, to which phosphate was 

added, was significantly greater and continued throughout 

the experiment. 

It was concluded that phosphate ion uptake by leal" 

ce l l s  of beans uas correlated with increased oxygen con- 

sumption. This correlation could be either direct, by 

combining to form hexose phosphates, or indirect through 

lncorporat1on Into the adenosine triphosphate molecule, 

which in turn may provide a source of energy for the active 

transport of more phosphate into the cell. 
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