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Leaf elongation is a major indicator of plant growth. It is

controlled by complex interactions of many factors including light

inetnsity, photoperiod, water availability, atmospheric conditions,

and plant water stress. In this study, the response of leaf elongation

to length of photoperiod and to plant water stress as indicated by leaf

water potential was investigated.

Fifteen day old seedlings of Sudan grass (Sorghum vulgare)

were subjected to soil water potentials ranging from -0.35 bars to

-2.50 bars using the polyethylene glycol (carbowax) semi-permeable

membrane technique of controlling soil water potential. Leaf

elongation rates and leaf water potential changes were measured in

response to photoperiods of 5, 6, and 8 hours, in response to the

initiation of lighting, and in response to continuous lighting for several

days.



The elongation rate appeared to increase in a sigmoid curve as

the photoperiod was increased up to 8 hours. The sigmoid relation-

ship indicated that the increase in the elongation rate as the photo-

period was increased from zero to 2 hours would be much smaller

than the increase in elongation rate as the photoperiod was increased

from 2 to 4 hours or from 4 to 6 hours. This was believed to be due

to a larger portion of the total photosynthate produced during the

shorter photoperiods being used for respiration.

For one hour after the initiation of lighting, the plant experi-

enced mild water stress, as the leaf water potential decreased,

increased, and decreased again. The elongation rate was depressed

during this period of water stress. It was suggested that earlier

reports of light inhibition of leaf elongation should at least partly be

attributed to light-induced water stress.

At a carbowax osmotic potential of -2.50 bars around the soil-

root slabs, and under continuous lighting, the total leaf water potential

and leaf elongation rate gradually decreased until the experiments

were discontinued because of microbial decomposition of the mem-

branes. Extrapolation from these data indicated that leaf elongation

ceases at a total leaf water potential of -24.0 bars. This was com-

pared to a value for maize, obtained in an earlier experiment, of

-9.2 bars. It was suggested that the ability of Sudan grass to continue



leaf elongation at a lower leaf water potential than maize is due to its

being able to maintain a turgor pressure sufficiently high for growth

at a lower leaf sap osmotic potential.
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LEAF ELONGATION AS A FUNCTION OF SOIL
WATER POTENTIAL AND PHOTOPERIOD

INTRODUCTION

Reduced leaf elongation limits plant growth by limiting the total

leaf area which can carry on photosynthesis and by decreasing the

photosynthate sink and thereby describing the rate of photosynthesis.

Little attention has been paid to leaf cell expansion in studies

of the effects of water stress on plant growth. Slatyer (1971) found

that production of additional leaf area was a prime determinant of

overall plant growth for both a C3 and a C4 species of Atriplex. Leaf

cell expansion is primarily responsible for leaf surface enlargement.

Thus the rate of photosynthesis of a species may have less

effect on overall plant growth than does its response to the diurnal

sequence of water stress. Water stress acts to limit leaf cell expan-

sion and leaf elongation through leaf cell water potential (Green et al. ,

1971; Acevedo et al. , 1971; Cleland, 1971).

The Relationshi Between Elongation Rate and
Total Leaf Cell Water Potential

It is believed that as total leaf cell water potential decreases,

the rate of leaf elongation decreases. In Maize (Zea mays), elonga-

tion was found to cease at the total leaf water potential of -9. 2 bars

(Barlow, 1974). One objective of the present study was to find a
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comparable range for Sudan grass (Sorghum vulgare).

The Effect of Photo period on the
Rate of Elongation

Leaf expansion continues during the night. The expansion is

based on accumulated stores of photosynthate. It was postulated that

a short photoperiod would allow the plant to accumulate only a limited

amount of photosynthate and that growth would thus be reduced either

by reduction or complete cessation of the leaf expansion after fewer

hours of darkness. One objective of this study was to establish a rela-

tionship between the duration of the period of illumination and sub-

sequent elongation.

The Decrease and Recover of Tur or Pressure Followin
the Initiation of Lighting

When plants are subjected to light, photosynthesis begins, and a

deficit of carbon dioxide develops in the leaf cells. This causes the

stomata to open and water vapor is lost through them. It had been

observed in earlier experiments that the opening of the stomata was

accompanied by a rapid decrease in the leaf cell water potential and

loss of turgor pressure. The turgor pressure subsequently recovers

as the plant system adjusts to the lighting conditions. Measurements

were made to investigate the rate and magnitude of the turgor pres-

sure changes during the period of initial lighting.
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LITERATURE REVIEW

For the surface area of a leaf to increase, several processes

must occur. First the leaf cell walls must be plasticized, then the

leaf cells must expand. Subsequently, the leaf cells must divide. In

the growing leaf of a photosynthesizing plant, not under excessive

water stress, these processes happen simultaneously.

Numerous investigations have been made as to what factors

influence these processes. Changes in soil water potential, soil and

air temperature, and lighting conditions are probably the major

environmental factors. These in turn influence the activity of growth-

promoting and growth-inhibiting hormones. Finally, the actual

expansion and division of cells is affected as the internal water status

of the plant changes and as energy available and protein synthesis

increase or decrease.

Hormones and Cell Elongation

There is considerable evidence that hormones have a critical

role in allowing leaf cell walls to be stretched.

Auxins

Heyn (1931) demonstrated that auxin could increase the

plasticity of Avena coleoptile cell walls. Later workers, including
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Thimann (1954) and Ordin et al. (1956) confirmed this. Cleland

(1959) determined that auxin-induced loosening of cell walls was a

separate process from cell expansion. Cleland (1958) also described

both a plastic loosening of cell wall material and an elastic loosening.

Thus as the leaf cell expands, part of the expansion, due to a plastic

stretching of the cell wall material, is irreversible. A sequence such

as "Auxin action - cell wall loosening - elongation" was postulated.

The activity of auxin could be inhibited by decreasing the osmotic

potential outside of the cell (Cleland, 1959). Finally it was demon-

strated that auxin-induced cell wall loosening was proportional to

turgor pressure from zero to a value less than that commonly found in

growing plants. Furthermore, this auxin-induced cell wall loosening

required the presence of oxygen and disappeared 2 to 3 hours after

treatment if the leaf cell did not expand (Carr and Ng, 1959; Cleland,

1965).

The primary cell walls of Zea mays when separated from the

cells, are capable of autolysis of up to 10 percent of the wall material.

The greatest amount of cell wall solubilization occurred between pH

5.5-6.5. This may be a step in cell wall loosening (Lee et al. , 1967).

It appears that growth regulators, including the auxins and

possibly other unknown hormones prepare the plant for leaf elongation

by loosening or plasticizing the leaf cell wall material. Some turgor

pressure is essential for the activity of auxin.
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Cytokinins

After the leaf cell wall is stretched, it must be thickened before

further stretching can take place. The production in the roots and the

translocation to the leaves, of cytokinins, is positively correlated with

leaf protein synthesis in sunflower (Helianthus annuus), bean

(Phaseolus vulgaris), and tobacco (Nicotina rustica) plants (Itai et al. ,

1969).

After the cell wall has been stretched and enlarged, it must be

built back to its original thickness. Cytokinins probably regulate this

by promoting leaf protein synthesis.

Turgor Pressure and Cell Elongation

To enlarge a cell, work must be done for which a force is

needed. Considerable evidence indicates that turgor pressure is

necessary for elongation to take place.

In vivo studies with Nitella, showed that at water potentials

below -2. bars, cells did not elongate (Green, 1968; Green et al. ,

1971). Cells at equilibrium with a turgor pressure greater than 2

bars elongated at a steady rate, proportional to the turgor pressure.

Any sudden shift in the turgor pressure brought a suddent change in

the elongation rate followed by gradual readjustment. An increase in

the turgor pressure caused a large temporary increase in the
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elongation rate and a smaller persistent increase, while a decrease in

turgor pressure, to a value still greater than 2 bars, caused a large

temporary and a small persistent decrease in the elongation rate.

In the Nitella experiment, turgor pressure was regulated by adjusting

the osmotic potential of the growth media, using osmotica such as

sugar and polyethylene glycol (carbowax).

In Avena coleoptile, not only was a minimal turgor pressure

needed for auxin to induce cell wall loosening, but turgor pressure in

excess of 6 bars was necessary for cell wall elongation to take place

(Cleland, 1967). Furthermore, it was found that a greater turgor

pressure was required for cell division than for cell elongation

(Kirkham et al. , 1972).

Total leaf water potential, of which turgor pressure is a major

component, has sometimes been found to be positively correlated with

leaf elongation. Sunflower (Helianthus annuus) leaves did not grow

unless the total leaf water potential was greater than -3.5 bars (Boyer,

1968, 1970). This favors rapid elongation during dark periods when a

high leaf water potential is easier to maintain.

In one study, maize leaves ceased elongation at a leaf water

potential of -7.0 bars (Acevedo et al., 1971). In another study, taking

a different approach, maize leaves elongated at water potentials of up

to -9.0 bars (Barlow, 1974). For maize plants at a low root water

potential, elongation was found to resume within a few seconds after
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the root water potential was increased (Acevedo et al. , 1971). Where

a sudden initiation of lighting caused the reduced total leaf water

potential, recovery of the elongation rate to its previous level

immediately followed the cessation of lighting (Barlow, 1974).

Cell Division

The need for a minimum turgor pressure in leaf cells for the

cells to elongate has been mentioned. There is also evidence that a

minimum turgor pressure is needed for cell division to take place.

It may be an indirect effect, i.e., after a certain number of cell

divisions, some cell enlargement, regulated by turgor pressure, must

occur before additional divisions can take place. However, while the

DNA content, indicative of cell number, of radish (Raphanus sativa)

cotyledons increased slowly at from 0 to 5.0 bars turgor pressure; it

increased rapidly at 5.0 to 6. 0 bars (Kirkham et al. , 1972). Cell

enlargement in these plants was stimulated at turgor pressures in

excess of 3.0 bars, indicating that some turgor pressure in excess of

that required for cell enlargement may be necessary for cell division

to take place.
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Soil Water Potential

Effect on Total Leaf Water Potential

Soil water potential or water availability effects plant growth in

a number of ways. The plant must maintain a water potential more

negative than that in the soil in order to take up water (Salisbury and

Ross, 1969). At lower soil water potentials, soil hydraulic conduc-

tivity decreases (Hil lel, 1971). As a water shortage becomes more

pronounced, the plant ceases growth and may even die.

Zea mays has been found to cease elongation at a soil water

potential of -2.5 bars (Acevedo et al., 1971), Investigation of Lolium

temulentum indicated that reduced phloem movement during water

stress was almost entirely due to reduced demand in the growing

parts of the plant. A decrease in the rate of photosynthesis paralleled

a decrease in turgor pressure during a period of water stress. This

was believed to indicate that reduced photosynhtesis during water

stress was due to reduced leaf enlargement and thus reduced demand

for photosynthate (Wardlaw, 1969).

Role of Solute Potential

Some plants are able to adapt to a low soil water potential and

maintain a high turgor pressure by having a greatly reduced osmotic

potential in the leaf sap. Coastal mangrove trees are able to grow at
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total leaf water potentials as low as -32 bars. Their solute potential

may then be as low as -34 bars. Their turgor pressure will then be

about 2 bars (Scholander et al., 1965).

Effect of Soil Water Potential on Soil Hydraulic Conductivity

To grow, the plant must have water. This water is taken from

the soil around the roots. As the soil is depleted of water, water

flows in from the pores of the surrounding soil. The rate of this flow

decreases drastically as the soil water potential decreases (Hillel,

1971). To continue imbibing water at a high rate as the soil water

potential drops, the plant must send roots to areas of higher water

content.

Abscisic Acid

Abscisic acid may play a critical role in plant adaptation to

reduced soil water potential. Increased content of ABA and decreased

content of kinetin-like substances has been found associated with

stomatal closure (Livne and Vaadia, 1965; Mittelheuser and

Van Steveninck, 1969).

The content of growth inhibitors in the leaves of horse bean

(Nicia faba), wheat (Triticum vulgare), castor bean (Ricinus

communis), and hemp (Cannibus sativa) was found to increase as the

plants were dehydrated. These growth substances were determined
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to be phenolic compounds and probably included abscisic acid

(Pustovoitova, 1972). Both spinach (Spinacia oleracea) and tobacco

(Nicotania tabacum) plants showed a marked increase in ABA content

of the leaves when water was withheld (Zeevaart, 1971) or when the

roots were placed in strong osmotic solution (Mizrahi et 1970).

Decreased water potential around the roots or incipient wilting of the

leaves may trigger the production of ABA in the roots which is then

transported to the leaves where it can cause partial or complete

stomatal closure.

Cytokinins

Cytokinins have been shown to encourage cell division, DNA

synthesis, shoot elongation, and to prevent aging in leaves. They are

also known to partially counteract the effects of growth inhibitors such

as abscisic acid (Kende, 1971).

In sunflower (Helianthus annuus) plants, a slightly reduced soil

water potential which caused no measurable change in total growth,

resulted in a reduction of cytokinin activity for up to 48 hours (Itai and

Vaadia, 1965).

The reduced ability of leaf discs from water stressed tobacco

(Nicotania rustica) plants to synthesize protein was partially counter-

acted by the application of kinetin (Ben-Zioni et al. , 1967). It is

hypothesized that cytokinins, synthesized in plant roots are primary
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factors in root-shoot communication (Itai et al. , 1969). More recent

research indicates that large decreases in the water status of the

leaves of a plant cause the root to cease cytokinin synthesis and cause

the cytokinin present in the leaves to be inactivated. This appears to

occur within 30 minutes (Itai and Vaadia, 1971).

Soil Temperature

Effect on Elongation

Numerous researchers have found a relationship between the

soil temperature and the leaf elongation rate (Radke and Baurer, 1969;

Walker, 1969, 1970; Kleinendorst and Brouwer, 1970; Pearson et al. ,

1970; Watts, 1972a, 1972b). A decrease in the active transport of

minerals rather than in the viscosity of water is believed to be the

most important determinant of this relationship because water uptake

is less reduced by low root temperatures than is ion transport from

the roots to the shoots (Nielsen and Humphries, 1966). However,

later work indicates that root membrane permeability to water is also

a critical factor (Kleinendorst and Brouwer, 1970).

The optimum root temperature for maize (Zea mays) was found

to be 35 C with a Q10 of 2 (Watts, 1972a). It wilted at 8 C (Atkins

et al., 1973). Walker (1970) found that maize responded best to a

higher day temperature and reported that the day temperature had the
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major effect on elongation. For cotton (cossipiurn hirsutum) an

optimum root temperature of 32 C was indicated (Pearson et al, ,

1970), while for sugar beets (Beta vulgaris) the optimum root tem-

perature was 25-35 C (Radke and Baurer, 1969).

An alternate hypothesis is that for some species reduced root

temperatures slow early growth but do not reduce total growth

(Power et al., 1970).

Effect of Root Temperature on Nutrient and Water Flow

In an experiment with barley (Hordeum vulgare), it was found

that a lower soil temperature resulted in a slower growth rate, a

lower rate of water use per day, and slower water movement. Total

growth and total water use were not reduced (Power et al., 1970).

The total nitrogen and phosphorus incorporated by the plants during

the whole growth cycle was also about the same. The authors' con-

clusion was that a lower soil temperature delayed but did not reduce

growth.

The rate of photosynthesis of young wheat (Triticum aestivum)

plants was found to be independent of soil temperature from 10 C to

25 C and soil water potential from -0.35 bars to -2.5 bars, but the

rate of solute translocation in the xylem was found to increase as

root temperature or root water potential was increased (Sedgley and

Boersma, 1969). Young maize (tea mays) plants were found to wilt



13

considerably at a root temperature of 8 C and to a lesser extent at

13 C (Atkins et al. , 1973).

It is not clear whether a low root temperature slows growth by

reducing root permeability or by reducing solute translocation from

the roots to the shoots or by a combination of both of these processes.

Effect of Root Ternierature on Hormone Production

For some species such as Zea mays, a low root temperature

generates some of the effects of water stress, i.e. , wilting, reduced

growth, and a change in the ratio of growth promoters to growth

inhibitors in the root exudates (Atkins et al., 1973; Barlow, 1974). In

the case of wheat (Triticum aestivum), uptake of all mineral nutrients

increased with temperature up to 18 C (Whitfield and Smika, 1971).

This may be ascribed to reduced membrane permeability and higher

viscosity of water at lower root temperatures causing water stress

which triggers changes in the balance of growth substances; or it may

be caused by a temperature sensitive enzyme system for hormone

production which changes the hormone balance and produces the water

stress.

An experiment on the control of flowering of Scrophularia

marilandica by temperature indicated that production of gibberellins

was also reduced by low temperature (Groves and Lang, 1970).
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Effect of Light

Effect of Light on Water Balance

The initiation of lighting causes a resumption of photosynthesis.

The carbon dioxide in the leaf cells is quickly exhausted and the

stomata open to allow the exchange of oxygen for more carbon dioxide

(Heath and Mansfield, 1969). The walls of the stomatal cavities are

lined by saturated cell walls and therefore are at nearly 100 percent

relative humdity. When the stomata open, there is an immediate flow

of moisture out of the stomatal cavities through the stomata. So an

immediate effect of subjecting a plant to light is a drop in the water

content of the leaves (Charles-Edwards, 1971). The consequent drop

in total leaf cell water potential is sufficient to slow or stop the growth

of maize (Zea mays) plants (Barlow, 1974). The plant, however, has

some capacity to restore this water content. The degree of stomatal

opening may be restricted, water may be pumped from the root zone

at a faster rate, and the solute potential of the leaf sap may be

decreased to raise the turgor pressure of the cells and prevent wilting.

Effect of Light on Elongation

Through photosynthesis, light supplies the energy for elongation

and building of new tissue. However, its immediate effect, through

stomatal opening and subsequent water loss, is to halt or slow
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elongation by reducing the leaf cell water potential and the turgor

pressure. In maize, after the sudden initiation of high intensity light

(980 wm -2) elongation ceased for 380 minutes and then increased only

gradually until the light was turned off (Barlow, 1974). The leaf

water potential dropped from -1.5 bars to -11.0 bars and did not

increase when the elongation gradually increased. Therefore, the

lowered leaf cell water potential was not the only or direct cause of

the half in elongation. Reduced turgor pressure or a direct inhibitory

effect of light on elongation are possible causes.

Photosynthesis

In the presence of light, the plant carries on photosynthesis,

trapping energy and producing carbon compounds to use in metabolic

processes and in producing new tissue. Carbon fixation or photosyn-

thesis can be measured in a number of ways. Calculating the dry

weight of the plant shoots and roots (Barlow, 1974) gives the net

photosynthesis for a whole plant. Measuring net carbon dioxide

absorbtion for a leaf gives net photosynthesis for the leaf

(Nichiporovich et al., 1963; Barlow, 1974).

Effect of Water Potential on Photosynthesis

Changing the root water potential of maize (Zea mays) from

-0.35 bars to -2.50 bars reduced the net carbon assimilation by
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26 percent (Barlow, 1974). Net carbon assimilation showed a slow,

steady decrease as the total leaf water potential dropped from -5.0

bars to -10.5 bars. Between -10.5 bars and -11.0 bars it began a

precipitous decline, whereas leaf elongation was found to decrease

rapidly from -5.0 bars to -9.0 bars. In most plants there is a slow

decrease in photosynthesis until severe water stress develops. Then

there is a rapid cessation of photosynthesis (Crafts, 1968).

Total net photosynthesis is proportional, or nearly so, to the

total actively photosynthesizing leaf area for plants of similar species

and under similar conditions.

Measurement of Water Status of Leaf Cells

The major components of water potential in a plant cell are

solute potential and turgor pressure. There has been some discussion

of a matric potential due to cell membranes and organelles. Its effect

is believed to be included in the effect of the osmotic potential

(Salisbury and Ross, 1969). The water potential of a leaf is related to

the solute potential and to the turgor pressure by the equation:

leaf + p

where `leaf is total leaf cell water potential,
Tr

is leaf sap

osmotic potential, and 4, is leaf cell turgor pressure (Oertli, 1971).
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The total water potential of a leaf may be measured with a

pressure chamber (Scholaner et al. , 1965). The osmotic potential

may be measured on the leaf sap using a dew point psychrometer

(Barlow, 1974). The turgor pressure may be calculated by difference.

Summary

In summary, it is evident that leaf elongation or increase in leaf

area is regulated by a complex interaction of factors, including light

intensity, daylength, growth promotors such as the cytokinins and

auxins, growth inhibitors such as abscisic acid, and soil water poten-

tial which affects the internal water status and the oxygen available to

the roots.

To estimate the relative effect of any one of these factors on

elongation it is necessary not only to hold the others constant, but to

measure the internal changes in the plant which may directly influence

elongation. In this study the indicators of plant response which were

measured were elongation, total leaf cell water potential, and leaf cell

osmotic potential. Turgor pressure was also calculated. Other

important indicators are the level of ATP in various plant parts, the

level of soluble carbohydrates, the rate of photosynthesis and

respiration, and the rate of translocation of water, photosynthate, and

minerals. These could not be measured in this study.
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MATERIALS AND METHODS

Growing the Seedlings_

Experiments were carried out with seedlings of Sudangrass

(Sorghum vulgare var. Piper). Eight pregerminated seed were

planted in soil (sandy loam) contained in a lucite frame in the manner

described by Sedgley and Boersma (1969). The lucite frame with its

covers enclosed a flat soil volume 10 cm wide, 0.8 cm thick, and

30 cm high. The soil was obtained from a stockpile in the greenhouse

and originally was obtained from a recent floodplain of the Willamette

River.

Six hundred seeds for 30 lucite boxes were placed in two petrie

plates, with two Whatman#1 filter papers below the seeds and above

the seeds. Enough water was added to liberally saturate the papers,

but the seeds were not completely covered with water. The dishes

were put in a growth chamber (M-13, EGC) at 24 C day temperature

and 21 C night temperature for two days.

The soil from the greenhouse stock was sieved through a 4

millimeter screen and fertilized with 2 grams of 12-12-12-12

(N-P-K-S) fertilizer per 4 kilograms of soil by shaking the fertilizer

onto the soil with a shaker bottle and thoroughly mixing the soil. The

lucite boxes consisted of an 0.8 cm thick frame with two flat sheets for

sides held in place with six nuts and bolts spaced along the frame
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(Figure 1). The box was filled with soil to the lower edge of the metal

strip shown at A in Figure 1. Eight sprouting seeds were placed in

each box.

The seeds were placed in the lucite boxes in such a way that they

would not grow up between the strip at A in Figure 1 and the side

piece. The seeds were then covered with soil, 1 cm deep, to the top

of the metal strip.

The boxes were placed in the growth chamber. There they

received 0.17 cal cm -2 min 1 or 230 µ Einsteins m -2 sec
-1

of light

at the soil surface, for 12 hours per day. The day temperature was

24 C, and the night temperature was 21 C.

For seven days after planting, the plants were surface irrigated

with tap water. Thereafter, the plants were watered with a 1/2

strength Hoagland nutrient solution by flooding the base of the lucite

boxes for one hour each day. The solution was made up according to

Table 1 using tap water. On the eighth day, the soil displaced by sur-

face watering was replaced and lightly pressed down around the stems

of the plants. At this time, each box was thinned to 4 or 5 uniform

plants.

Experimental Procedures

Thirteen days after planting of seeds, the covers were removed

from the lucite boxes and replaced with cellulose membranes. This
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Figure 1. Lucite box assembly for initial culture of the seedlings
(Sedgley and Boersma, 1969). Metal strip at A reinforces
the frame. The flat sheets shown form the sides of the box.
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assembly was then placed in chambers containing carbowax solutions

in a walk-in growth chamber.

Table 1. The stock solutions used for preparation of the Hoagland's
nutrient solution. The amount of each stock used to prepare
18 liters of full strength solution is shown. Calcium sulfate
was added to the solution in a powdered form.

Nutrient
Formula
Weight

Nutrient
Concentration

in Stock
Solution Molarity

Hoagland
Nutrient
Solution

ml of
gm/mole ppm moles /liter stock/18L

K2504 176 0. 5 56. 9

Mg504.7H20 228 1.0 36. 0

KH
2
PO4 136 - 1. 0 15. 8

K
2
HPO4 3H 20 228 - 1.0 2.5

CaS04 .2H20 172 - use solid 18. 6gm

CaCl2 111 1. 0 9. 0

NH
3

NO3 80 1. 0 64. 3

FeEDTA 1000 18. 0

CoC12 110 18. 0

H3B03 250 18. 0

MnSO4 ° H2O 250

Z/1504 -7H20 50

CuS0 4.5H 20 20

Na Mo04 2H20 10
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Preparation of Membranes

A 40 cm long tube of 24 cm circumference cellulose acetate

dialysis membrane was flattened out and folded longitudinally. A

3.5 cm deep triangle was cut from one end. The tube was gain

unfolded, and the three flaps at the bottom were folded up as shown

in Figure 2. Three one cm folds were made from one side, and then

two one cm folds were made on the other side, leaving a bag about

33 cm long (Figure 2). Finally, a plastic clip was slipped over the

folded end to hold it closed.

Transplanting

The lucite boxes with the plants were removed from the growth

chamber 13 days after planting. The membranes were slaked in

distilled water for one hour. The following operations were per-

formed on each lucite cell. The nuts and bolts were removed. Face

A (Figure 3) was slid off toward the bottom and replaced by a clean,

dry face. The cell was turned over, and Face B was slid slid off

toward the bottom. The frame holding the soil was then slid into a

membrane bag, another lucite face (D) was placed on it outside of the

membrane. A collar was bolted around the top of the bag to hold it in

place for later manipulations. The assembly was then set in a bucket

with 10 cm of distilled water. After all of the soil-root slabs were
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Figure 2. Cutting and folding of cellulose acetate membranes to make
the bags holding the soil-root slabs in the carbowax solu-
tions. Cuts were made along broken lines, and folds were
made along dotted lines. The opening of the bag is marked
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Figure 3. The disassembling of the lucite boxes in which the seedlings
were grown and the transfer of the soil-root slabs into the
cellulose acetate membrane bags, prior to beginning the
measurements.
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transferred to the cellulose bags, each was checked for leaks and for

good contact between the soil and the membrane. Then all of the cells

were transferred into tanks in a walk-in growth room. Here the 10

tanks (Figure 4) had been filled with a combination carbowax-full

strength Hoagland nutrient solution the previous day. The 10 tanks

held a total of 40 liters of solution.

Conditions in the Growth Room

The root temperature of the plants was controlled at 21 C by

circulating water around the chambers in which the dialysis bags

were suspended. The relative humidity in the growth room was held

at 50 percent. The lighting consisted of fluorescent tubing and

incandenscent bulbs. The light intensity was 0.15 cal cm -2 min -1 or

170 1.1. Einsteins m-2 sec-1. Air was circulated in the room by means

of an electric fan, at a rate of about 5 meters per second. The air

temperature was 24 C.

Carbowax 6000 solutions with osmotic potentials of -0.35,

-0.70, -2.00, and -2.50 bars were used (Table 2).

Photoperiod used for the experiments in the growth room ranged

from 5 hours per 24 hours, 6 hours per 24 hours, 8 hours per 24

hours, to continuous lighting for 156 hours (6.5 days). Plants were

allowed 48 hours to adjust to the growth room conditions before

measurements were begun.
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ICI

CARBOWAX
SOLUTION

Figure 4. The cabowax containing tanks into which the soil slabs with
seedlinls were transferred prior to the beginning of the
measurements. The cutout shows three soil slabs in
cellulose acetate membranes, suspended in the carbowax
Hoaglandnutrient solution mixture contained in one of the
tanks.
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Table 2. Carbowax concentrations used to control the soil
water potential at the indicated values.

Osmotic potential Concentration Carbowax 6000

bar s gm /liter

-0.35 48.0
-0.70 73.0
-1.00 87.0
-1,50 108.0
-2.00 129.0
-2.50 150.0

Measurements

The elongation rate was measured using four linear variable

differential transducers (LVDTs) (Barlow and Boersma, 1972).

Threads were attached to the LVDTs, run over low friction pulleys

and wrapped twice around 1/2 cm wide strips of scotch tape. Each

tape was then attached to the tip of the youngest leaf of one of four of

the plants. These leaves were at least 10 cm in length. Eight grams

of lead sinker weights were attached to each thread, above the leaves,

to counterbalance the weight of the LVDTs, which weighed 15.1 grams

each. The LVDT measurements were made with an RCA voltmeter

(Figure 5). As the leaves extended, the output of the LVDTs ranged

from 1.5 millivolts to -1.5 millivolts.

The total leaf water potential was measured with a pressure

chamber device. At each measurement, leaves from four plants were

measured. Each leaf was cut, using a sharp razor blade and placed
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Figure 5. Schematic diagram of the attachment of an LVDT to a plant
leaf and to the RCA voltmeter, for measurement of leaf
elongation.
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in the pressure chamber with the cut end sticking out (Scholander

et al. , 1965). While the pressure in the chamber was increased, the

leaf was observed with a magnifying glass, until leaf sap just appeared

on the cut surface. Pounds of pressure in the chamber were noted and

later converted to bars.

Leaf sap osmotic potential was measured with a dewpoint

psychrometer consisting of a microvoltmeter and a smaple chamber.

Each leaf cut for the pressure chamber measurement was sealed

inside a 5 cm long, 0.9 cm wide piece of tygon tubing, with 2 rubber

stoppers. The sample tube containing the leaf was placed in dry ice

for at least 6 hours, after which it was stored at -10 C until analyzed

(Barlow, 1974).

Leaf turgor was calculated as the difference between total leaf

water potential and leaf osmotic potential according to the equation:

where Lpleaf

potential, and

`leaf Tr + 4)P

is total leaf water potential,

LPP

is leaf sap osmotic
Tr

is leaf cell turgor pressure.
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RESULTS AND DISCUSSION

Elongation and Photoperiod

The plants were allowed to adjust to the experimental soil water

potential (-0.35 bars) and photoperiod (5, 6, or 8 hours) for 48 hours

before measurements were begun. The elongation rate was averaged

over the 12 hours starting from one hour before light initiation.

Elongation was found to decrease with a decreasing length of photo-

period (Figure 6). At a soil water potential of -0.35 bars, and

photoperiods of 8, 6, and 5 hours, the elongation rates were

0.334 ± 0.01 cm per hour, 0. 273 ± 0. 03 cm per hour, and

0.214 ± 0.06 cm per hour, respectively. The relationship between

the length of the photoperiod and leaf elongation appears to follow a

sigmoid curve from zero elongation at zero light to 0.334 cm per

hour at an 8 hour photoperiod. Because a certain amount of photo-

synthesis must take place to compensate for the respiration of the

plant, the elongation rate would be expected to approach zero at some

short photoperiod rather than at zero lighting; therefore, it should

decrease more rapidly at photoperiods shorter than 5 hours. Meas-

urements were only made for 12 hour periods as stated above.

Observed differences would probably be larger for 24 hour growth

periods. These measurements should be made. Additional points at

longer and shorter photoperiods are also needed to confirm the
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sigmoid pattern. A sigmoid pattern is characteristic of a plant

response to an input, such as light, when the total possible response

under the given conditions, to this factor is fixed. A small initial

response to the first units of the light allows a greater response to

later units. It may be thought to be due either to neutralization of a

retarding substance or process, i.e. , respiration; or to introduction

of a stimulatory substance or process, i.e. , a hormone (Steward,

1968). Under the experimental conditions, the factor limiting the

maximum growth rate may have been maintenance of a sufficiently

high turgor pressure for more rapid growth or it may have been the

capacity of the plant to transform even larger amounts of photosyn-

thate into new tissues in the meristem regions. As Sudan grass is a

C4 plant (Slatyer, 1971) and therefore has a high light saturation value,

it seems inprobable that the plant's ability to fix carbon dioxide was

the limiting factor under the low light intensity of this experiment.

The elongation rate during the light period was relatively

constant. At 8 hours it was 0.319 cm per hour, at 6 hours it was

0.313 cm per hour and at 5 hours it was 0,326 cm per hour. The

rate during the first four hours of the dark period decreased as the

length of the light period decreased. At 8 hours it was 0.29 cm per

hour, at 6 hours it was 0.25 cm per hour, and at 5 hours it was

0.20 cm per hour. Immediately following the initiation of lighting,

the elongation rate was lowest for the five hour light treatment and
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highest for the eight hour light treatment (Tables 3 and 4). All three

treatments had the same elongation rate after they had adjusted to thc,

light, but the 5 and 6 hour light treatments showed a large decrease

in elongation rate during the four hours after the end of the lighting,

The 8 hour light treatment showed only a slightly decreased elongation

rate during the 4 hours of measurements after the end of lighting

(Tables 3 and 4). During the light periods, the plant produced more

photosynthate than was utilized by growth. During the dark periods

following the shorter light periods, the decrease in the elongation rate

indicated that this excess photosynthate was rapidly consumed.

Table 3. Total leaf elongation at each hour of the experi-
ments with a Ili soil of -0.35 bars and with 5, 6,
and 8 hours of light per 24 hours.

Hour of
Experiment

Photoperiod - hours
5 6 8

0

1

2

3

-0 0. 00.2
;-. 0. 10
a)
04 0.35
I O. 80

cm
,

0.00
.2 0. 10

,33' 0.40
r`L' 0.75

I 0. 00
4:$ 0. 25
.2 0. 65

(1-)' 1.05
4 .-4

las)

-I 1. 20 ."4a3to 1. 10 °- 11. 40

5 1 1. 65 -, 1,50 ,"4:101, 80

6 2, 00 I 1. 90 ;:: 2. 15
7 2.20 2.30 , 2.55
8 2.35 2.55 , 2.95
9 2.45 2.75 3.20

10 Z. 60 2. 90 3.50
11 2. 70 3.05 3.80
12 2.75 3.10 4,10
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Table 4.. Leaf elongation during each hour of the experi-
ments with a soil of -0.35 bars and with 5, 6,
and 8 hours of light per 24 hours.

Hour of
Experiment

Photo eriod hours
5 6 8

0-1
1-2
2-3
3-4
4-5
5-6
6-7
7-8
8-9
9-10

10-11
11-12

Ts0 .10
"0.4 , 25
r-)..45
,.a .40
to

;:_-; .45

cm
,-, .10
2, .30
;.,
a.) .35,ca.. .35
uz 40
7' .40

.25
I .40

-00 .40
.i:: .35
cu

si .40
.,.'a .35
1 .40

: .40

.35

.20

.15

.10

.15

.10

.05

.40

.25

.20

.15

.15

.05

.25
.30
.30
.30

It had been reported by earlier workers that the elongation rate

of maize (Loomis, 1934) and of plants in general (Maxirnov, 1929)

was reduced or inhibited by direct sunlight or by light of high intensity.

While this is contrary to the elongation and daylength relationship

reported here, the light intensity used in this experiment was only

one-fourth of full daylight. As will be explained below, it is indicated

that light inhibition of stem or leaf elongation may be mediated

through the effect of light on the water relations of the plant. The

low light intensity used here had a minimal disruptive effect on the

plant water status.
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The Effect of Li ht Initiation on Leaf Water Potential
and Elongation Rate

The investigation of the effect of the initiation lighting on plant

water relations and leaf elongation of Sudan grass was carried out at

three soil water potentials, corresponding to carbowax osmotic

potentials in the nutrient solution surrounding the roots of -0.35 bars,

-0. 70 bars, and -2.00 bars. All the plants were gorwn as described

earlier and allowed to adjust to the conditions in the experimental

growth room for 48 hours.

The plants received light at a constant intensity of

0.15 cal cm -2 min -1 or 170 p. Einsteins m -2 sec -1 for eight hours each

day for two days before the beginning of measurements and for eight

hours during the measurements.

Total leaf cell water potential and leaf sap osmotic potential

were found by taking measurements on leaves from four different

plants at a time and averaging the values. Then the turgor pressure

on each leaf was calculated as the difference between total leaf water

potential and leaf sap osmotic potential and averaged (Figures 7, 8,

and 9 and Table 5). Preliminary investigation had indicated that the

lowest water potential values would occur about 30 minutes after the

initiation of lighting. Measurements were therefore always made at

that time. The leaf elongation rate was measured continuously on four

plants and averaged (Figures 7, 8, and 9).
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Figure 7. Leaf elongation, total leaf water potential, leaf sap osmotic
potential, and leaf cell turgor presSure at a soil water
potential of -0.35 bars plotted as a function of time.
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Figure 8. Leaf elongation, total leaf water potential, leaf sap osmotic
potential, and leaf cell turgor pressure at a soil water
potential of -0.70 bars plotted as a function of time.
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Figure 9. Leaf elongation, total leaf water potential, leaf sap osmotic
potential, and leaf cell turgor pressure at a soil water
potential of -2.00 bars plotted as a function of time
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Table 5. Values of total leaf water potential, leaf sap osmotic
potential, and leaf turgor pressure before the initiation of
lighting, 30 minutes after the initiation of lighting, and 120
minutes after the initiation of lighting.

Variable
Soil Water Potential-bars

-0.35 -0.70 -2.00

Initial Values

Leaf water potential -4. 00±0. 54 -3. 60±0. 51 4.80±0.61
Osmotic potential -7.20±0.28 -8.30±0.56 -10.30±3.41
Turgor pressure 3.20±0.72 4.70±0.66 5.50±3.64

After 30 minutes

Leaf water potential 70±1.25 -8. 00±0. 44 8.30±1.24
Osmotic potential -8.10±0.35 -9.70±0.40 -11.80±1.10
Turgor pressure 1.40±1.17 1.70±0.64 3.50±0.57

After 120 minutes

Leaf water potential -5.70±0,84 -7.00±0.54 - 8.60±1.65
Osmotic potential -7. 60±0. 84 -9. 80±0. 18 -10.20±0.53
Turgor pressure 1.90±0.80 2.80±0,55 1.60±1,23

First the total leaf water potential, the leaf sap osmotic potential

and the leaf turgor pressure decreased sharply for approximately 30

minutes after the initiation of lighting (Figures 7, 8, and 9). Then

they increased for about 30 minutes and finally gradually decreased

to an equilibrium value.

The first decrease corresponded to a rapid water loss for about

30 minutes. This was caused by increased transpiration due to heat-

ing of the leaf by the incident energy and due to opening of the stomata

after the CO
2

in the leaves was depleted by photosynthesis. The

increase in water potential values corresponded to an increase in the
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leaf water content as the plant overadjusted to control the water loss

and the subsequent gradual decrease in water potential values

occurred as the plant approached a steady state condition.

While water potential values were decreasing and increasing and

then decreasing again for about one hour after the initiation of lighting,

the leaf elongation rate was reduced (Figures 7, 8, and 9). The reduc-

tion could be divided into two periods, i.e. , the first 30 to 45 minutes

when the leaf elongation rate was reduced almost to zero, and an

additional period during which the leaf elongation rate gradually

increased to equal to or greater than its prelighting value.

It is not possible to say, from the data presented here, which

component or components of the water potential in the leaf were most

closely associated with the change in leaf elongation rate. Clearly

however, the leaf elongation rate decreased on conjunction with a

light-induced decrease in the water potential in the leaves.

The plant acts as a conduit or channel for water flow from the

soil to the atmosphere. For water to be extracted from the soil and

moved up to the leaves, a lower water potential must be maintained in

the leaves than in the soil. Some minimum turgor pressure must also

be maintained throughout the plant cells in order to support the plant's

rigid structure and growth. As turgor pressure is the difference

between total leaf water potential and leaf sap osmotic potential, the

osmotic potential must remain lower than the total water potential or
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the turgor pressure will decrease and the plant will cease elongation

and wilt.

One effect of light on the plant is to increase the rate of water

loss from the leaves by causing the stomata to open to exchange gases

and by heating the leaves which increase the rate of evaporation.

Immediately the total leaf water potential decreases, also decreasing

the turgor pressure.

There follows an increase in the solute content of the leaf cell

sap, decreasing the leaf sap osmotic potential. This results in a

partial recovery of the leaf cell turgor pressure as the plant adjusts

to the light. The rate of water flow into the leaf may also be

increased by increasing the force driving the water, i.e. , the water

potential difference between the roots and the leaves.

Normally a plant experiences a gradual increase in light

intensity to a maximum and then a gradual decrease. Adjustment to

the changing light and temperature conditions takes place continuously

or in small increments. In this investigation however, plants were

subjected to a sudden change from zero light intensity to a constant

light intensity for a period and then equally suddenly back to zero.

Therefore the plant's entire adjustment to a changed lighting condi-

tion was compressed into a period shortly after the initiation of light-

ing. While a cloud passing over would cause an abrupt change, it
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would not be a change from or to zero light intensity as in this

investigation.

The total leaf water potential and the leaf sap osmotic potential

were expected to show a positive relationship with the soil water

potential. This was due to the necessity of the total leaf water poten-

tion being at a slightly lower potential than the soil water potential,

in order for water to enter the plant from the soil (Hillel, 1971). For

plant adjustment to a lower soil water potential to occur without a

decrease in the turgor pressure, the decrease in leaf sap osmotic

potential would have to be equal to or greater than the decrease in the

total leaf water potential.

The data reported here for dark period values (Table 5), how-

ever, show only leaf sap osmotic potential decreasing as the carbowax

osmotic potential around the roots decreased. Total leaf water

potential measurements increased and later decreased, and the cal-

culated turgor pressure values increased at lower values of the

carbowax potential. The measured increase in the dark period value

of total leaf water potential as the water potential around the roots

decreased from -0.35 bars to -0.70 bars may have been due to

infiltration of carbowax through the membrane and plant roots and into

the xylem stream. A non-polar solute, such as carbowax, will reduce

the surface tension of the water. If carbowax was in the xylem

stream it would have increased (made less negative) the apparent
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total leaf water potential.

The sudden decrease, partial recovery, and subsequent gradual

decrease of all forms of water potential following the initiation of

lighting (Figures 7, 8, and 9 and Table 5) were observed in every

experiment and must be accepted.

The decrease in total leaf water potential as the carbowax

potential around the roots was reduced was due to a decrease in the

water potential in the roots. The decrease in total leaf water poten-

tial after the initiation of lighting was due to an increased rate of

transpiration from the leaves. Transpiration increased because

depletion of CO2 in the stomatal guard cells by photosynthesis trig-

gered stomatal opening and because the diffusion coefficient of water

vapor increased as the leaf temperature increased 1971).

Decrease in leaf sap osmotic potential due to increase in cell

sap solute concentration could have been a product of several

processes. Decreased leaf water content due to increased transpira-

tion concentrated the solutes in the leaf sap. As total leaf water

potential also decreased, this was at least partiaclly counterbalanced

by increased water flow.from the roots. Solutes generated by photo-

synthesis increased the leaf sap solute concentration. Translo cation

of photosynthates to the meristem regions decreased the leaf sap

solute concentration. Immediately following the initiation of lighting,

increased transpiration and production of photosynthate were the
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dominant processes and leaf sap osmotic potential decreased. After

about 30 minutes the water flow into the leaves increased, due to

lower total leaf water potential and due to decreased transpiration

possibly due to partial stomatal closure. The translocation of solutes

to the meristematic regions, indicated by an increasing elongation

rate increased as leaf sap osmotic potential increased.

The lower leaf sap osmotic potential at a lower carbowax

potential around the roots (Table 5) was in agreement with the results

reported by Young (1975), who was also working with Sudan grass.

Part of this decrease in the measured leaf sap osmotic potential

(i.e. , the osmotic potential of the sap in the leaf cells, primarily in

the vacuole) may be an artifact caused by a higher ionic concentration

in the xylem stream or by infiltration of carbowax through the plant

roots into the sylem stream. It was not possible to investigate these

possible sources of error at this time, however this should be done.

The decrease in turgor pressure by an average of 2.3 bars

(Table 5), immediately following the initiation of lighting, was

probably large enough to cause partial or complete stomatal closure.

This could not be verified directly in this experiment. There followed

an increase in water potential values until the increased turgor pres-

sure in the stomatal guard cells caused reopening of the stomata and

a gradual decline in leaf water potential values. Decreased CO 2
in

the guard cells due to photosynthesis could also have triggered
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stomatal opening (Heath and Mansfield, 1969) and the subsequent

decrease in water potential values.

The turgor pressure, i.e. the difference between the total leaf

water potential and the leaf sap osmotic potential, was higher for

lower carbowax potentials around the roots (Table 5). The form of a

plant is dependent on its turgor pressure (Salisbury and Ross, 1969).

Wilting at low soil water potentials is due to loss of turgor pressure.

Yet the data, supported by Young (1975), show that turgor pressure

was higher at a water potential around the roots of -2.00 bars than at

-0.35 bars. Turgor pressure in Sudan grass does not appear to

decrease as soil water potential decreases but rather appears to

increase with lower soil water potentials (Young, 1975) presumably

until the amount of water extracted from the soil is no longer sufficient

to offset the transpirational loss. This apparent increase in turgor

pressure could have been caused by infiltration of carbowax into the

xylem stream which would increase the apparent total leaf water

potential and decrease the apparent leaf sap osmotic potential.

Earlier workers have reported that light may reduce or inhibit

leaf or stem elongation (Maximov, 1929; Loomis, 1934). The reduc-

tion of elongation observed in this investigation, while the plant

adjusted to water stress induced by the initiation of lighting, indicates

that "light inhibition of elongation" is at least partly caused by light

induced water stress for which the plant does not fully compensate.
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Such conditions as high light intensity, low relative humidity, low

soil water potentials and turbulent air would increase the severity or

water stress and would cause a greater reduction in the elongation

rate. Thus the ability of a plant to adjust to such changes could be a

factor limiting its elongation rate during light periods and limiting

its overall elongation rate.

In summary, the initiation of lighting triggered a rapid decrease

in total leaf water potential, leaf sap osmotic potential, and turgor

pressure and a decline in the elongation rate (Figures 7, i8, and 9 and

Table 5). After about 30 minutes the water potential values all began

to increase. Finally the water potential values again decreased for

several hours, but more slowly than before. The initial decrease was

believed to be caused by an increase in transpiration due to light

induced opening of the stomata and due to increased leaf temperature.

The increase in water potential values was believed to be caused by

partial stomatal closure and an increased water flow from the roots

to the leaves. The subsequent gradual decrease in water potential

values was believed to reflect an increased transpirational loss and

increased production of photosynthate as the stomata reopened.

Leaf sap osmotic potential and total leaf water potential were

found to decrease with decreased carbowax potential around the roots

except for total leaf water potential during the dark period for carbo -

wax potentials from -0,35 bars to -0.70 bars (Table 5). Turgor
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pressure appeared to increase as the carbowax potential round the

roots was decreased.

Elon ation Limitin Value of Total Leaf Water Potential

In order to estimate a total leaf water potential value below

which Sudan grass cannot elongate, comparable to that reported for

maize by Barlow (1974), Sudan grass plants were subjected to contin-

uous lighting and a carbowax osmotic potential around the roots of

-2.50 bars.

Total leaf water potential and leaf elongation were measured for

four days. Leaf water potential measurements were made on the

leaves of four plants and averaged, Elongation of the youngest leaves

of four plants was measured several times daily during the four days

and averaged. Leaf water potential averages with standard deviations

were plotted against time in Figure 10. The leaf elongation rate was

plotted against leaf water potential in Figure 11.

Although there was considerable fluctuation of the leaf

elongation rate, the average value decreased from 0.18 cm per hour

at -15,75 bars to 0.11 cm per hour as -18.75 bars (Figure 10). The

leaf water potential values declined continuously from -15.6 bars to

-18.75 bars after the plants adjusted to the experimental conditions

(Figure 11). The relationship between leaf elongation rate and leaf

water potential is:
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E = .018 W + 0.44

where W is the leaf water potential in bars, E is the leaf

elongation rate in cm per hour, 0.44 is a constant with units of cm

per hour, and .018 has units of cm per hour per bar.

This experiment indicates that Sudan grass is more tolerant

of water stress than maize. Barlow (1974) found that the leaf elonga-

tion rate for maize declined steadily at a total leaf water potential of

less than -3.0 bars, ceasing at -0.2 bars (Figure 12), whereas Sudan

grass showed no appreciable decrease in elongation rate at -8.3 bars

(Table 3 and Figure 10) and was still elongating at -18.75 bars (Fig-

ure 11). Both maize (Barlow, 1974) and Sudan grass showed little or

no change in the leaf elongation rate at turgor pressures greater than

2.0 bars. The tolerance for water stress of Sudan grass has been

attributed to a number of factors. Maximov (1929) stated that for

plants in general, smaller cells, more stomata, thicker cell walls,

and a denser network of veins were characteristic of drought resistant

species. Martin (1930) reported that Sudan grass had smaller cells

and a denser stomatal distribution than maize. He also noted a waxy

coat over the Sudan grass cuticle that was absent in maize. He

reported that Sudan grass had a higher transpiration rate per unit of

leaf area than maize under conditions of water stress. This was

attributed to the failure of the maize root system to supply enough
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water to the leaves to meet the transpirational demand. Miller (1916)

reported that Sudan grass had a root system with twice as much water

absorbing area as did maize. In 1917 Miller reported that the leaf

water content of maize and of the kafir variety of Sudan grass did not

differ under field conditions of mild water stress.

A more effective water uptake system combined with greater

control of transpiration could allow Sudan grass to maintain a suffi-

cient turgor pressure for elongation at a lower water potential. The

lesser tolerance for a low total leaf water potential of maize could

also be the result of an enzyme system or systems which become

inactive at a higher leaf water potential in maize than in Sudan grass.

Slatyer (1967) indicated that the changes in leaf sap osmotic potential

occurring in a wilting plant can cause marked changes in protein

structure. As the leaf sap osmotic potential of Lamium maculatum

changed from -10.5 bars to -14.0 bars, the protoplasmic viscosity

(measured as time required for plasmolysis) increased by more than

two fold.
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CONCLUSION

The relationship between elongation rate and daylength was

investigated. The elongation rate increased with increasing length of

the photoperiod in a sigmoid fashion, up to an eight hour photoperiod.

The optimum length of photoperiod is believed to be a function of the

water stress on the plant due to soil and atmospheric conditions, and

possibly a function of the light intensity.

The effect of a sudden initiation of lighting on leaf elongation

rate and leaf water potential was studied. The leaf water potential

values decreased, increased, and decreased again for about one hour.

The leaf elongation rate was depressed during this period. It was

concluded that at least a portion of the light inhibition of leaf elongation

reported by earlier workers (Maximov, 1929; Loomis, 1934) was

attributable to water stress induced by light.

The effect of reduced leaf water potential on the leaf elongation

rate of Sudan grass was investigated by decreasing the water potential

around the roots and subjecting the plants to continuous lighting.

Although the resulting water stress was not severe enough to stop leaf

elongation, it was sufficient to slow the elongation rate. Extrapolation

from the experimental data indicated that leaf elongation would cease

at -24.0 bars. This was compared to similar data for maize (Barlow,

1974) which ceased elongation at -9.2 bars. It was suggested that the

difference between the two plants was due to the ability of Sudan grass

to maintain a turgor pressure high enough for elongation at a lower

leaf water potential.
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APPENDIX

Linear variable differential transducer

Robinson Halpern model 230A-2000
Robinson Halpern
West Consohocken, PA

RCA voltmeter

RCA model WV-98A
Vacuum Tube Voltmeter


