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CHAPTER I 

RELATIVE CONTRIBUTION OF ASSIMILATES AND TURGOR PRESSURE 

TO LEAF AREA DEVELOPMENT 

Introduction 

Green leaves are extremely vital not only to plant life but 

also to all life since they are the tissue responsible for converting 

solar energy to chemical energy through the process of photosynthesis. 

In agricultural environments, crop yields are usually directly related 

to leaf area index and total intercepted radiation during the growing 

season. In most cropping situations, reductions from optimal leaf area 

result from a variety of factors including genetic, environmental and 

management components. Lack of adequate water to maximize genetic 

potential for leaf area and crop yield is usually the major limitation 

to productivity throughout the world. 

This study was designed to evaluate the role of plant v/ater 

relations in leaf area development of cotton and grain sorghum. These 

two crop species represent different developmental and physiological 

characteristics and responses to water stress intensity. Both field 

and greenhouse experiments were used to provide different environmental 

conditions for evaluating the various leaf growth responses. 

The basic objective of the study was to determine the relative 

contribution of leaf turgor pressure and availability of organic 

assimilate for new growth. Specifically this study iras aimed at 



defining diurnal growth patterns of sorghum and cotton leaf types, 

alteration of growth patterns by the plant water status, and the 

probable cause of reduced leaf expansion rates under water stress. 



CHAPTER II 

LITERATURE REVIEW 

Leaf primordia arise in predictable locations around the shoot 

apex depending on the phyllotaxy of the plant. Cell divisions which 

occur just below the distal portion of the apical meristem are respon

sible for leaf initiation (17). The first product of these divisions 

Is a lateral protrusion called the leaf buttress upon which erect 

portions of the leaf later develop (17,25). As the primordium emerges 

it acquires a bilateral symmetry which is in contrast to the radial 

symmetry of the stem from which it was initiated. The more active 

growth on the abaxial side than on the adaxial side ensures that the leaf 

develops a curvature towards the shoot apex. 

The subsequent development of an individual leaf, following its 

initiation, proceeds by cell division and cell expansion. These two 

processes seem to occur simultaneously. Cell division, however, has been 

determined to cease before cell expansion. Ten percent of the cells in 

a fully expanded leaf are formed prior to leaf emergence and the 

remainder are formed during the unfolding (53). Throughout its develop-

ment the leaf is influenced by daily water relations, assimilate supply, 

plant hormones, and by the environment. 

Although the developmental pattern is similar in both cotton 

and sorghum leaves, the mature leaves are different in certain structural 

and ultrastructural details. Like most monocotyledonous leaves, the 



sorghum leaf differentiates into a sheath and blade, whereas the cotton 

leaf has a petiole. Cotton, being a C plant, has a relatively undif

ferentiated mesophyll. Its parenchymatic bundle sheath has few organ

elles and rather small chloroplasts. The C, ultrastructural components 

found in sorghum leaves include a chlorophyll-rich mesophyll and a 

bundle sheath which has a high content of organelles such as mitochondria 

and microbodies. The bundle sheath chloroplasts are deep green and 

generally larger than the mesophyll chloroplasts (17). 

Diurnal Growth Patterns 

There is little agreement among various authors about the 

diurnal patterns of leaf growth in different crops. Chu et al. (13), 

working with sudax (Sorghum bicolor x Sorghum Sudanese cross) reported 

that under irrigated conditions leaf extension rates were 1.6 ± 0.2 

mm/hr during the night and 3.1 ± 0.1 mm/hr during the day. However, 

Johnson (33) found that the lowest leaf extension rates in grain sorghum 

occurred around 8 a.m. and the highest rate occurred at midday when the 

temperature was highest. Christ (12) reported that leaf extension rates 

in the third wheat leaf was 3 mm/hr during the day and only 2 mm/hr 

during the night. This finding tended to agree with those of Chu et al. 

(13) in their study of sudax. In various papers Boyer (8,9) and Boyer 

and McPherson (10) indicated that leaf area change in com, soybean, and 

sunflower tended to be greater during the day than at night, but this 

pattern was reversed for tomato and papaya plants. 

Complete measurements of either leaf elongation rates or leaf 

area changes using a rule is a tedious, time consuming and costly 
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process (1,18,39). Many authors therefore recommend different methods of 

estimating the changes in leaf size. Aase (1) took dry weight instead of 

linear measurements and established a correlation between leaf area and 

plant dry matter, or more accurately, leaf area and leaf dry matter. 

Several other investigators used various formulas to estimate leaf areas 

of different plants. Ashley (4), Wendt (62) and Grimes et al. (25) 

suggested the following formulas for estimating leaf area in cotton. 

LA = 0.77 (LXW) (4) 

LA = 0.94 (LXW) (63) for "Gregg" cultivar 

LA = .095 (LXW) (63) 

Log LA = a + b log LL (26) 

where a = -0.3643 

b = 2,3032 

For sorghum leaves. Stickler et al. (51), and Krishnamurthy 

et al. (38) reported these formulas LA = 0.747 (LXW) and LA = 0.710 

(LXW), respectively. Other investigators recommended other formulas for 

many different crops including rice, wheat, sugarcane, tomatoes and 

sunflower. The use of different instruments which monitor leaf area 

changes on a continuous basis has been advocated by many authors (12, 

23,29,33). 

Water Relations 

Water in a plant influences many processes including transport, 

structure of cytoplasmic colloids (and therefore function of enzymes), 

stomatal conductance, direct participation in reactions such as pho-

tolosis, and in growth due to expansion. This latter process is found 
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to be extremely sensitive to water stress. In a study of maize, Acevedo 

et al. (3), found that as water stress developed, growth stopped before 

carbon assimilation decreased noticeably, suggesting that leaf growth by 

expansion is more sensitive to water stress than photosynthesis. The 

same idea is also expressed by Boyer (8,9) whose results of different 

studies Indicated that leaf extension rates ceased when leaf water 

potential reached -4 and -6.5 bars in soybean and sunflower plants 

respectively. Growth by cell expansion is in this way related almost 

entirely to the uptake of water. The high leaf water potential associ

ated with rapid growth is needed to overcome the structural characteris

tics of the cell wall that do not permit wall extension when turgor falls 

below a certain minimum. This minimum has not been defined for sorghum 

and cotton plants grown either in the field or in growth environments. 

Since the range for the threshold turgor needed for cell elonga

tion is rather narrow, most plants which are drought tolerant will con

tinue to grow under mild water stress conditions through osmotic adjust

ment (an active increase in solute concentration). Davies and Lakso (14) 

reported that on a diurnal basis leaf pressure potential in apple trees 

is maintained by osmotic adjustment, whereas seasonal adjustment is 

achieved through tissue dehydration, a process which enhances the release 

of water to the transpiratory stream. In this study they also observed 

a decrease in leaf area expansion with a decrease in leaf water potential. 

Field and greenhouse grown plants seem to respond differently to 

moisture stress. This may be influenced by the different light quantity 

and relative humidity in these two environments. Van Volkenburg and 

Cleland (57) compared field- and chamber-grown soybean and cotton and 

noted that the field grown plants had a modified leaf structure 
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which influenced leaf water potential as well as other physiological 

processes. In their study of cotton, sunflower, bird's foot trefoil and 

pepper, Gardner and Ehlig (24) observed that the major change in leaf 

dimensions with water content occurred in leaf thickness with only a 

modest variation in leaf area. They established that while leaf osmotic 

potential was inversely proportional to the relative water content, the 

pressure potential was not related to water content in a simple linear 

fashion. 

In their study of grain sorghum, Stout et al. (51) found that 

Imposed water stress not only affected the dimensions of the leaf but 

also the period of its growth. They pointed out that measurements of 

leaf water potential and osmotic potential will not distinguish the 

influence of osrao?;egulation and cell dehydration. This suggests that 

these two parameters, and therefore the pressure potential estimated from 

them, are not a good indicator of water status in sorghum plants during 

water stress. Because relative V7ater content of sorghum leaves also 

changes slightly before pressure potential reaches zero, this, too, is 

a poor predictor of leaf water status. These limitations of direct 

measurement of water status led Stout et al. (51) to suggest that per

haps it is better to measure metabolic parameters which reflect synthe

tic capacity as an indirect way of evaluating water stress effects on 

the plant. Manning et al. (43) observed that while water stress influ

ences leaf enlargement, excessive moisture also tends to inhibit proper 

leaf development. 

Assimilate Supply 

The orderly appearance of leaf primordia and the precise nature 

of the plastochron index indicate that there is a considerable measur»-3 



8 

of regulation in the underlying physiological processes which cause 

these changes (41,44). High growth rates are often associated with 

assimilate supply. As a young leaf develops it depends on the older 

leaves for its supply of assimilates. This dependence persists until 

the young leaf reaches the developmental stage where it can synthesize 

Its own supply of these metabolites. 

Ho and Shaw (28) noted that leaf expansion progressed basipeti-

ally, a phenomenon quite similar to the maturation pattern of leaves. 

In the same study they also made the following observations about 

source-sink relations during leaf development in certain crops. 

1) Net photosynthetic rates in cucumber and sugar beet 

Increased rapidly and reached a maximum when the leaf was 

1/3 expanded (2/3 expanded in squash). 

2) The rate of import increases and reaches a maximum when 

the leaf is 1/4 expanded (sugar beet). 

3) The capacity for import of assimilate is lost gradually 

and stops just before the leaf is 1/2 expanded (sugar beet, 

squash and soybean). 

4) The export of assimilate starts when the leaf is 1/3 

expanded and reaches a maximum when the leaf is 2/3 fully 

expanded (cucumber, wheat, soybean). 

Using a C technique it was observed in the above study that 

during the early part of leaf expansion the imported assimilate was 

used more for protein synthesis than for synthesis of sugars or starch, 

Simultaneously, the capacity for sucrose synthesis from self-fixed 

carbon increased significantly before the onset of export. 



Since assimilate is translocated mainly in the form of sucrose. 

It must be modified considerably to be utilized in the growth of new 

leaves. It is likely that assimilate supply would limit cell division 

more than cell expansion because the mitotic process occurs only in cells 

well supplied with nutrients. 

A consideration of cell numbers and sizes in each leaf at differ

ent levels of water stress intensity would perhaps give some indications 

of the cause of the observed changes in leaf area. McCree and Davis 

(42) found that the epidermal cells in sorghiom leaves tended to be 

reduced when subjected to soil water deficit and to hot dry atmospheric 

conditions. The severity of such conditions caused up to 50% reduction 

in leaf area which was directly related to reduced cell numbers. For 

cotton leaves, Dr. J. Berlin (personal communication) reported that 

water stress generally led to fewer, but larger cells than the non-

stressed plants. Milthorpe (44) also noted that smaller leaf areas of 

Ipomea leaves were due entirely to differences in the number of cells 

per leaf. 

The data available in the literature reviewed are too few and 

too varied to specify "when," "at what rate" and "why" leaves grow as 

they do in grain sorghum and cotton plants. However, sufficient infor

mation is provided to indicate that the complex phenomenon of leaf 

growth in general and the quantification of changes in leaf dimensions 

In sorghum and cotton does pose perhaps more questions than answers. 



CHAPTER III 

MATERIALS AND METHODS 

Grain sorghum [Sorghum bicolor L. (Moench) hybrid ATX 623 x 

TX 430] and cotton (Gossypium hirsutum, cultivar Paymaster 303) were 

used in this study. Growth environment differences were provided by 

using a field study and a greenhouse study. The field study was con

ducted at the Texas Tech University farm at New Deal. The soil type 

was a Pullman clay loam. One set of field grown sorghum were planted 

on 5 May 1980 whereas the other set as well as cotton plants were 

planted on 2 June 1980. The different planting dates were used to 

provide different plant sizes and leaf areas at any sampling date. 

The greenhouse plants which were planted on 3 June 1980, were grown 

in six large metal tanks filled with a mixture of peat moss and sandy 

clay loam. 

The study was conducted in the field during the summers of 1979 

and 1980, and during the entire year under greenhouse conditions. The 

1979 field study experienced no water stress and, therefore, growth 

patterns were determined only on non-stressed plants. These prelimin

ary 1979 data are not reported in this paper. In both studies water 

stress was achieved by withholding irrigation water. 

Leaf Growth Measurements 

The extension rates of the top three leaves of four individual 

grain sorghum plants were monitored over a 24 hour period on each 

sampling date. Maximum length of the exposed blade was measured using 

a transparent meter rule at 3 or 4 hour intervals over the entire 

sampling period. The measurements of each leaf were from the point 

10 
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where it begins to unfold from the whorl to the tip. At the end of each 

sampling period, similar plants from each population were brought to the 

laboratory where total leaf area was determined by either using a port

able leaf area meter (Lambda Instruments, Model LI-3000), or by using 

the formula LA = 0.73 (LXW). This constant had been previously deter

mined by linear regression methods. The maximum width of each leaf was 

used. Dry matter accumulation, number of leaves, and plant height were 

also determined from this sample of plants. 

In the cotton leaf study, size changes were determined using the 

lengths and widths of the first, second and fourth vegetative leaves of 

6 plants measured at a 3 hour interval over a 24 hour period. All leaves 

were numbered from the top. The formula LA = k(LXW) was used to calcu

late the approximate leaf area for each leaf type. The values of the 

constant (k) determined using linear regression methods were 0.58, 0.68 

and 0.65 for the first, the second and the fourth leaf respectively. 

Some cotton plants of the same size as those used in this procedure, were 

harvested and analyzed in the laboratory for height, total leaf area, and 

dry matter accumulation. In both crops the measurements were taken only 

during the vegetative phase, and for both the stressed and non-stressed 

plants. 

Water Relations 

Over each 24 hour sampling period leaf water was monitored in 

stressed and non-stressed cotton and sorghum plants with the same fre

quency as growth measurements. Plants selected for these measurements 

were as similar as possible and from the same population as those used 

In leaf growth measurements. Leaf water status of the top three leaves 
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of sorghum and of the first, second and fourth vegetative leaves in 

cotton was determined. 

Each sorghum or cotton leaf was divided into two portions so that 

leaf water potential (i|w) and osmotic potential (ipir) could be determined 

on the same leaf. The leaf portion for which water potential was to be 

determined was placed in the pressure chamber, supported by a suitable 

rubber stopper. The latter had been prepared so that the cotton leaf 

could be held by the petiole and the sorghum leaf fitted flatly on 

another rubber stopper. After capping the head, the chamber was slowly 

pressurized using nitrogen gas. The pressure required to force liquid 

out of the freshly cut end of the leaf corresponded to the leaf water 

potential. A magnifying glass was used to ensure that the pressure was 

read at the exact moment when the first liquid bubbles were forced out. 

The portion of the leaf used to determine osmotic potential was 

Immediately placed in liquid N2 and kept frozen in stoppered vials. 

These vials were kept frozen until osmotic potential could be deter

mined in the laboratory. Thermocouple psychrometers (C52 Wescor) were 

used to determine osmotic potentials of the leaf samples. Small leaf 

samples were obtained from frozen leaf tissues which had been allowed 

to thaw by leaving them at room temperature for 30 minutes. These were 

placed on clean dishes and then capped in a psychrometer where, after 

about an hour of equilibration and 20 seconds of cooling the vapor, con

ductivity was read in yvolts. The yvolt readings were converted to 

osmotic potentials by comparing with known standards. To ensure accur

acy, temperature was kept as constant as possible and was routinely 

monitored for possible fluctuations. The psychrometers were cleaned 

thoroughly and frequently to avoid errors due to contamination. 
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The pressure potential (il;p) was estimated without adjusting 

for dilution of osmotlca due to cell disruption using the following 

relationship: 

Assimilate Translocation 

The uppermost fully expanded sorghum leaf, and the fourth main 

stem leaf of cotton were treated with CO^ between 1000 and 1100 hours 

when there was adequate sunlight to ensure rapid carbon assimilation. 
14 

The CO^ was generated by injecting 2 to 3 ml of IM CH COOH through an 

air-tight rubber stopper, into a vial containing 0.1 ml NaH CO with a 

specific activity of 5 - 10 yCi. The reaction of the bicarbonate and 

the acid yielded the radioactive gas according to the following equa

tion. 

14 1/ 
NaH CO^ + CH^COOH -> CH COONa + H O + •^^C02(g) 

14 

The leaves to be treated with C0« were sealed in small trans

parent plastic bags. The seal was established using the zip-lock on 
3 

these bags. The gas was then injected into these bags using a 20 cm 
3 

syringe. In this way 20 cm of the gas was introduced into the bags. 

14 
The leaves were allowed to assimilate C0« for two minutes before the 

bags were removed. 

Translocation of labelled carbon assimilate to the expanding 

leaves was monitored in the treated grain sorghum and cotton plants in 

the subsequent 24 hour period. Samples were taken from treated, second 

and third leaves in sorghum and from treated, first and second leaves 

In cotton. The sample size was small (diameter = 8 mm) and was taken 



14 

from between major veins to ensure that the leaves were not destroyed. 

Each sample from each leaf, taken at 3 or 4 hour intervals was placed 

Into scintillation vials containing 0.2 ml 30% H2O2 and 70% HCIO^ mtjxture. 

The tissue was allowed to digest in this acid-peroxide mixture for 24 

hours. After this period 15 ml of cocktail (toulene, PPO, POPOP and 

triton mixture) was added to each vial and shaken. The outside of the 

vials were then cleaned thoroughly with acetone before being counted in 

the Beckman LS 7000 liquid scintillation counter. 

Analysis of Leaf Contents 

Leaf samples were analyzed in the laboratory for amino acids 

and free sugar to determine substrate availability for growth. The 

anthrone procedure described by Sunderwrith et al. (53) was used to 

analyze for the concentrations of free sugars. The analysis procedure 

was the same for grain sorghum and cotton leaves. 

The leaves used for this analysis were either dried in a forced 

air drying room for several days or were micro-wave dried. Extraction 

was done by placing 300 mg of leaf sample into 50 ml of 80% ethanol and 

then grinding the tissue in a blender. The resulting mixture was 

shaken for 4 hours. Decolorizing carbon was added to remove chlorophyll-

The mixture was then filtered. To 1 ml of the filtrate 10 ml of 

the anthrone reagent was added, then shaken thoroughly before being 

heated at 100°C for 30 minutes. Following rapid cooling in an ice bath, 

the colors which developed were measured spectrophotometrically. The 

spectrometer used was a model SM (Sargent-Welch Scientific Co.). The 

meter was set at 620 nm and the optical densities read were translated 
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Into the concentration of sugars using a curve previously determined 

from glucose standard concentrations ranging from 0.1 to 1.0 mg/ml. 

The blank used had a 1:10 ml mixture of distilled water to anthrone 

reagent. 

Amino acid analysis was performed using the ninhydrin colori-

metric analysis described by Hyman (31). Part of the leaf extract 

prepared for free sugar analysis was used. To 1 ml of the leaf tissue 

extract, 0.5 ml of acetate buffer and 0.5 ml of ninhydrin solution were 

added then heated in a water bath at 100°C for 15 minutes. Immediately 

after removal from the water bath ^5 ml of 50% isopropyl alcohol-water 

diluent was added to the mixture which was then shaken vigorously. 

After cooling to room temperature the samples were read on a spectro

photometer at 570 nm. Again the optical densities obtained were inter

preted using a curve developed from optical densities determined for 

known concentrations of amino acids. The standard amino acid solutions 

ranged from 0 to 1.0 ym/ml. The blank had 0.5 ml each of acetate buffer 

and ninhydrin solution in a tube containing 1.0 ml distilled water. 

Statistical Analyses 

The data collected were analyzed for statistical significance. 

Analysis of variance, linear regression, and stepwise linear regression 

were used. A scatter plot was also used to depict the relationships 

between leaf area development, leaf water status, and assimilate supply. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Diurnal Leaf Area Changes 
in Field Grown Cotton 

Leaf area changes (LAC) in stressed and non-stressed cotton 

plants are depicted in Figure 1. In the non-stressed plants (Fig. la) 

the first leaf (all leaves were numbered from the top) had two peak LAC 

2 2 
(7.6 mm /hr and 5.5 mm /hr) which occurred at 0900 to 1200 hrs and at 

1800 to 2100 hrs. The lowest LAC (1.0 mm^/hr and 0.5 mm^/hr) for this 

leaf were at 1200 to 1500 hrs, and at 0300 to 0600 hrs, respectively. 

The second and the fourth vegetative leaves had similar LAC rates, with 

only two major deviations occurring at 0900 and 1200 hrs and again at 

2000 and 0300 hrs. The higher LAC in the first leaf could be attribu

ted partly to a possible higher mitotic activity in this leaf. 

Figure lb shows more variations in the leaf to leaf growth 

pattern in stressed cotton plants. The second leaf maintained a higher 

LAC rate than the other two leaves except between 1200 and 1500 hrs 

when LAC was higher in the first leaf, and again between 2100 and 2400 

hrs when the fourth leaf had a higher growth rate. The coefficient of 

variation (C.V.) for each leaf in Figure 1 indicates that in both the 

stressed and the non-stressed plants, the growth rate of the first leaf 

was less variable than the other two leaves. 

The water relations which accompanied these growth changes are 

depicted for each leaf in Figure 2. The i|w and ^p for the first leaf 

16 
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are compared in Figure 2a. In general, both ij/w and ipp for this leaf 

had a similar pattern, with the lowest values occurring between 1200 

and 1800 hrs. The non-stressed plants consistently had a higher ij;w 

than the stressed plants. The i|;p for leaf one remained higher in 

stressed plants until after 2400 hrs when it was higher in the non-

stressed plants. The water relations of the second leaf (Fig. 2b) 

had patterns resembling those of the first leaf, but the i/;w and i|;p in 

stressed plants were higher throughout the day. The fourth leaf 

(Fig. 2c) had a higher ipw in stressed plants but a lower i|̂p in the 

same plants except at 0300 hrs when i|;p was higher than in the non-

stressed plants. 

The water relations described were not closely related to the 

growth patterns observed in either stressed or non-stressed plants. 

However, it was noted that generally the higher LAC rates occurred 

around the times of higher ijjw and i|;p values. 

In order to assess the role of assimilate supply and its util

ization in leaf growth rate determination, various biochemical consti-

14 
tuents were assayed. The change in C activity in each leaf was 

regarded to be indicative of the supply of assimilate to the leaf. The 

changes in soluble sugars and amino acid concentrations in each leaf 

were regarded as indicative of the utilization of the assimilate. Figure 

3 represents the C accumulation in leaves of stressed and non-stressed 

14 
plants. The treated leaf in both cases lost C from the leaf tissue 

steadily, but maintained higher amounts than the accumulating leaves. 
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Most of the C from treated leaves did not go into the second and 

first leaves. This suggests that growth in the first and second leaves 

was not due to the amount of imported assimilate from the fourth 

treated leaf. For the non-stressed plants, the treated leaf, the first 

leaf, and the second leaf had C accumulation decreasing in that order, 

whereas in the stressed plants the order of decreasing -"-̂C accumulation 

was the treated leaf, the second leaf, then the first leaf. In both 

plant populations there was no correlation between LAC and "''̂C accumu

lation in these leaves. This would suggest that the expanding leaves 

were largely dependent on their own photosynthate during the sampling 

period. 

Figure 4 depicts the soluble sugar concentration in cotton 

leaves. In the non-stressed plants (Fig. 4a), all three leaves had a 

high soluble sugar concentration at 1800 hrs. This peak concentration 

declined steadily in the first and the fourth leaves, but declined only 

to 2400 hrs in the second leaf then rose again between 0300 and 0600 hrs, 

The high soluble sugar concentration which occurred at 1800 hrs coin

cided with the second high LAC rate at this time. Nevertheless, the 

soluble sugar concentrations were markedly lov/ during the first peak 

LAC at 0900 hrs. 

In the stressed plants, the concentration of soluble sugars 

Increased in the first leaf and in the fourth leaf around 1800 hrs 

(Fig. 4b) when LAC also showed an increasing rate. From 1800 to 2100 

hrs the concentration of soluble sugar and LAC in the second leaf were 

Inversely related. 
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Amino acid concentrations (Fig. 5) in the first leaf of the 

stressed and non-stressed plants was much higher than in the other two 

leaves except for the stressed plants where this concentration was lower 

at 13.00 and 2400 hrs. The concentration of amino acids was much higher 

in the leaves of the non-stressed plants than the stressed ones. The 

general pattern of amino acid concentrations was related to LAC in a 

less precise way than were the soluble sugars. In the first and second 

leaves of plants from both categories the general rise in LAC rate at 

1800 hrs coincided with high amino acid concentrations at this time. 

Diurnal Leaf Extension Rates in Field Grown Sorghum 

The results of leaf extension rates (LER) in field grown sorghum 

plants are reported by sampling date. 

Sampling Date 26 June 1980 

The LER in the first and second leaves of stressed and non-

stressed sorghum plants are represented by plant age in Figure 6. The 

45 day old non-stressed plants had a greater LER for both leaves (Fig. 

.6a) than the younger plants. The first leaf of the 15 day old plants 

had a fairly constant LER (1 mm/hr) throughout the day, whereas, the 

first leaf of the older plant had three peak LER at 1200 hrs, 1800 hrs, 

and between 0300 and 0600 hrs. The second leaf of the 45 day old plants 

had low LER during 1200 hrs, 2400 hrs and 0600 hrs. The peak LER's for 

this leaf were at 2100 hrs and at 0300 hrs. The second leaf of the 15 

day old plants had a growth pattern characterized by low LER between 

2100 and 1500 hrs, and again at 0300 hrs. Its peak LER occurred at 2100 

hrs. Soluble sugar concentrations in the leaves sampled were higher dur

ing peak LER than during the lowest LER (107.5 mg/g dry wt vs 81.9 mg/g 
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dry wt) occurring between 1800 to 2100 hrs and at 0900 to 1200 hrs, 

respectively. 

In the stressed plants (Fig. 6b) LER were lower than in the 

non-stressed ones. The growth pattern was also different, and, unlike the 

non-stressed, the 45 day old plants did not necessarily have a higher 

LER than the 15 day old plants. The only correlation between LER of 

2 
these stressed plants was v/ith plant height (R = 0.74). 

Sampling date 2 July 1980 

The growth patterns depicted in Figure 7a for non-stressed 

plants indicate that there was a major difference between the LER of 

the 55 day old plants (0.5 to 13.3 mm/hr) and the 25 day old plants 

((1.3 to 6.0 mm/hr). For the older plants the highest LER was between 

1200 and 1600 hrs and again between 2000 and 2400 hrs. The lowest 

diurnal LER occurred at 0400 and 0800 hrs and again between 1600 and 

2000 hrs. During peak LER, the concentration of soluble sugars changed 

from 32.8 to 24.5 mg/g dry wt., while amino acids concentration 

decreased from 55.6 to 41.7 ym/g dry wt. 

In stressed plants there was a much less apparent difference in 

LER of older plant leaves and younger ones (Fig. 7b). The peak LER 

for both leaves was also much less (6.0 mm/hr) than that of the non-

stressed plants. 
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Diurnal Leaf Area Changes in 
Greenhouse Grown Grain Sorghum 

Sampling Date 24 July 1980 

All plants sampled on this date were non-stressed. The diurnal 

LER pattern is depicted in Figure 8. The topmost leaf had a steadily 

increasing LER from 0900 hrs until it reached a peak (16.6 mm/hr) at 

2100 hrs, then it started declining. At these two times, the soluble 

sugar concentration remained almost constant while i|̂p increased and 

reached a peak at 2100 hrs. The second leaf had its highest LER (7.6 

mm/hr) around 1800 hrs. The lowest LER for this second leaf occurred 

twice at 1500 hrs and at 2400 hrs. The third leaf had a peak LER at 

0900 hrs, 1500 hrs and again at 0600 hrs. For all the three leaves 

neither soluble sugar concentration nor the i|;p had any significant 

correlation with LER. 

Sampling date 5 August 1980 

Leaf extension rates of stressed and non-stressed sorghum plants 

are represented in Figure 9. Figure 9a depicts LER in the non-stressed 

plants, and it can be noted that the first leaf had two low LER (0.3 

mra/hr and 2.6 mm/hr) which occurred at 1200 hrs and 1800 hrs, respect

ively. This same leaf had a double peak LER (5.4 mm/hr and 9.2 mm/hr) 

between 1500 and 1800 hrs and also at 2100 to 2400 hrs. The third leaf 

had a consistently lower LER than the first leaf, with the second leaf 

having intermediate rates between these two leaves. There was a closer 

similarity between the LER pattern of the first and second leaf than the 

third leaf. 
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The growth pattern for the stressed plants is illustrated in 

Figure 9b. The first leaf had an alternating high and low LER which 

occurred every three hours. Overall, the stressed plants had a lower 

LER than the non-stressed plants. Figure 10 illustrates the diurnal 

patterns of ij;w and i|;p in the three leaves sampled. This pattern is 

reasonably consistent with respect to differences between the stressed 

and non-stressed plants. The ipw and i|;p were higher in non-stressed 

plants than the stressed plant, with only one deviation in leaf three 

which had a higher i/;w and i|;p in the stressed plant at 1500 hrs. In the 

stressed and non-stressed plants, the higher LER between 2100 and 0300 

hrs were well associated with i|;w and i|;p at these times. 

14 
Figure 11 depicts C accumulation in the leaves of stressed 

and non-stressed sorghum plants. As shown in Figure 11a, the non-
14 

stressed planes had a higher accumulation of C than the stressed 

plants. In both plant populations the assimilate moved steadily out of 

14 
the treated leaves. Initially more of the C was translocated into 

the first and second leaves of the non-stressed plants up to 1200 hrs 

14 
when these leaves received correspondingly lesser amounts of C. In 

the stressed plants, the first and second leaves received relatively 

less constant amounts of C throughout the sampling period. The second 

14 
leaf of stressed and non-stressed plants received more C than the 

first leaf; this might be due to its closer proximity to the third 

treated leaf. No correlation was noted in either case between LER and 

14 
C accumulation. 
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The diurnal changes in soluble sugar concentrations in the top 

two leaves of stressed and non-stressed plants are represented in 

Figure 12. The pattern in the non-stressed plant (Fig. 12a) shows the 

similarity of soluble sugar concentrations in the first and second 

leaves. Both leaves had high concentrations at 0900 hrs and between 

1500 and 2100 hrs. Whereas there was a close similarity between the 

first and second leaves of stressed plants (Fig. 12b) with respect to 

the pattern of the concentrations of soluble sugars, this pattern was 

quite different from that of the non-stressed plants. After 1200 hrs 

the level of soluble sugar concentration fell drastically and then 

remained steady in these stressed plants after 1800 hrs. 

In the non-stressed plants the first peak LER at 1500 to 1800 

hrs coincided with high soluble sugar concentrations. The higher LER in 

the first leaf of stressed plants which occurred at 2400 hrs was also 

associated with a slight rise in soluble sugar concentrations. The 

second leaf from the stressed plants showed a decreasing LER with 

decreasing soluble sugars between 1500 and 1800 hrs. 

Figure 13 depicts the concentration of amino acids in stressed 

and non-stressed plant leaves. It was found that the non-stressed 

plants had a much higher amino acid concentration (10 to 150 ym/g dry 

wt) than the stressed plants (3 to 30 ym/g dry wt). The pattern was 

otherwise almost identical for the first and the second leaves of plants 

from both populations. These two leaves had a peak concentration of 

amino acids at 1800 hrs and a low concentration at 2400 hrs. The third 

leaves of the stressed and non-stressed plants also had similar 
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concentration patterns except during 2400 to 0600 hrs. Then the stressed 

leaf showed a declining trend while the non-stressed one increased in 

amino acids concentration. These concentrations of amino acids had no 

correlation with the reported LER in stressed and non-stressed plants. 

From stepwise regression analysis the LER in non-stressed plants 

2 14 
was correlated (R =0.02) with C accumulation, whereas in the stressed 

2 14 

plants LER was correlated (R =0.11) with both C accumulation and amino 

acid concentration. Soluble sugars had no major influence on LER in 

both stressed and non-stressed plants sampled on this date. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

The growth pattern of expanding leaves of cotton and grain 

sorghum plants indicate that these two crops had different trends in 

leaf area development. The influence of water stress tended to be 

unique in each experiment. This could be due to the different stress 

Intensities encountered at each sampling date, or due to differences in 

micro-climate which were not monitored around each plant sampled. Even 

with variability it was apparent from this study that whereas there were 

some instances when higher concentrations of soluble sugars were 

correlated with LER in grain sorghum or LAC in cotton, overall, closer 

associations existed between growth rates and leaf pressure potential. 

Neither amino acid concentration nor C accumulation had any signifi

cant Influence on leaf growth of either plant. 

The less distinct differences between LAC in stressed and non-

stressed cotton could be due to differences at cellular level. Dr. J. 

Berlin (personal communication) reported that stressed cotton leaves 

have fewer cell numbers, but these cells are larger than those of the 

non-stressed plants. This could explain the almost similar growth 

patterns in cotton leaves in this study. It is not clear whether 

variations exist in cell numbers in entire sorghum leaves, but McCree 

and Davis (42) reported a progressive decline in the number of epi

dermal cells with both increasing soil water deficit and 

38 
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Increasingly hot and dry conditions. Sorghum plants subjected to 

extremes of these conditions had up to 50% reduction in leaf area which 

could be attributed to the number of cells per leaf area. 

In grain sorghum the i|;p in the stressed plants was always lower 

than in the non-stressed plants. This situation is contrasted to that 

In cotton where ipp in stressed plants is generally higher than in the 

non-stressed ones. The existing leaf area in sorghum had an indirect 

Influence over the diurnal growth pattern only in so far as the older 

plants (therefore greater leaf surface area on the whole plant) had 

higher growth rates than the younger plants. The youngest expanding 

leaf had a greater growth rates than the second leaf in which expansion 

rates were also faster than that of the third leaf. This observation 

was consistent across both plant types regardless of the stress level. 

In conclusion, this study has indicated that neither assimilate 

supply nor pressure potential were the primary determinant of leaf 

growth rate in either grain sorghum or cotton plants. Most results of 

the various experiments in this study tended to lean toward pressure 

potential as being the more influential factor in leaf area development. 

This latter idea does not preclude the fact that other variables such 

as temperature and light on the one hand, and plant hormones on the 

other, could be a possible cause of some of the changes observed. 
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