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1. ABSTRACT 

Modified techniques of potometry and the cut-off or weight loss 

methods for determining transpiration rates were employed to 

determine conditions under which the rates estimated using 

these destructive methods had better correlation with transpiration 

rates as estimated using the lysimetry method . It was found that 

with vapour pressure deficits of both -24,4 mbar and -7,9 mbar, 
- 2 - 1 

and either high or low light ( 1250 or 400 p Einstein m sec ), 

the potometry and weight loss results were often within 30% of 

the rates estimated by lysimetry. Cotton (Gossypium hirsutum L.) 

Acacia albida Del . and A. erioloba E. Mey. were used in the 

experiment. By refining the methods developed, and using mor e 

replicates in each test, it should be possible to identif i y some 

of the sources of error in estimating transpiration rates us ing 

the weight loss and potometry techniques . 
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2. INTRODUCTION 

It has been noted by Drews (1979), that the estimates of transpiration 

rates as determined by each of three methods, namely lysimetry, 

potometry and weight-loss, show lack of correlation. Lysimetry, a 

non-destructive method, which is considered as being a very good 

method as the plant is used intact and in essentially natural 

conditions, is impractical for use with large plants in the field. 

Trees can, ·for instance, be grown in a lysimeter and this technique 

be used even for the full grown tree. But for sampling from already 

grown trees, lysimetry cannot be used. 

Two alternative methods, each involving the severing of parrn of 

the plant and recordin~ water release from the sample, have been 

developed. These are therefore destructive methods. The weight 

loss method involves cutting the bra·nch and recording the rate of 

loss of weight (as water escapes) .- The- porometry method- involves 

recording the uptake of water by the excised branch. Since the 

stomata should be open to a certain degree, regulating the 

passage of water vapour through them, the transpiration rates 

should be very similar when determined by each method, until the 

stomatal aperture changes. This is not the case, however, as both 

of these methods tend to indicate lower transpiration rates than 

are obtained by lysimetry. It has also been noted, as Drews (1979) 

reports, that several workers report a transient increase in 

transpiration rate, or water loss or uptake, immediately following 

excision. This is called the Ivanoff effect, and has been observed 

in almost every instance. 

The thinking is that, as the branch is excised, water tension is 

suddenly released in the xylem vessels as air is allowed to enter 

and this release in tension affects the turgar pressures in the 

leaf cells, allowing the stomatal aperture to change as a water 

demand is created. However, this should not be the case if the 

plant is excised under water and a water supply is maintained to 

the leaves, yet the ivanoff effect appears to be reported even in 

the case of potometry. 
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Drews (1979) compared transpiration rates as determined by these 

three methods, with each of the destructive methods being compared 

with lysimetry. 

She found t hat potometry gave very low rates and weight-loss gave 

low rates compared with lysimetry, 16% and 53% of lysimetry rates, 

respectively. The cited work was carried out in a greenhouse 

where light intensity, temperature, and humidity were uncontrolled 

and varied at random. 

The present work was carried out using a phytotron chamber where 

these conditions were controlled, to see where the rates had the 

best correlations of the lysimetry and the other two methods. 

Cotton plants were used, and the two Acacia species A.albida and 

A.erioloba used to compare results in the selected conditions with 

t.hose of Drews (1979), to see if better correlations could be found 

than she found . 

It is important at this stage to refer to some relevant information 

about cotton plants. Nagarajah (1978) reports that the stomata on 

the upper surface, and those on the lower surface of the leaf, 

react differently to illumination,the upper stomata commence 

oscillations at a younger leaf age than do the lower stomata, but 

when both oscillate they do so in synchrony. When the leaf is 

excised, the upper stomata show a transient increase in water loss 

which increases to a maximumcin 7 minutes, then decline . The lower 

stomata show a decline 4 minutes following excision. Furthermore, 

the upper stomata appear to age more quickly than do the lower 

stomata, with their transpiration rates declining after 27 days, 

while the rates for the lower stomata decline after 42 days, and 

the decline of the upper transpiration rates is at a faster rate 

than that for the lower. 

He speculates that the reason for the more rapid response by the 

upper stomata to excision, and the transient increase in pore 

aperture may be because of the presence of pallisade cells, densely 

packed, and in close contact with the epidermis which, when the 

water tension is released upon excision of the plant, would 
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immediately draw water from the epidermal cells, allowing the guard 
cells which do not lose water, to expand, and the pore to open. 
The contact between mesophyll cells and lower epidermis is not as 
great so that the water would not be drained, as rapidly, from the 
lower epidermis. 

Ackerson and Krieg (1977) report that cotton plants respond ' 
to water stress if they had previously been subjected to water 
stress. One of the variables in the present work was soil water 
content, and this is then relevant as the plants may show different 
correlations between methods when dry soil is used if they had 
previously been stressed, or if they had always had ample water , 
supply. The" report that stomata appear to exert some degree of 
control of transpirational flux by responding to humidity deficit 
gradients. In the present work the vapour pressure deficit was 
regulated to have only two values (-24,4 and 7,9 mbar). 

Jhe present work was carried out to find the environmental ~onditions 
at wh~ch the rates of transpiration as determined by each method were 
the most similar. 

• 

L 

c-
-
c 

[ 

[ 

[ 

[ 

[ 

- 4 -

immediately draw water from the epidermal cells, allowing the guard 
cells which do not lose water, to expand, and the pore to open. 
The contact between mesophyll cells and lower epidermis is not as 
great so that the water would not be drained, as rapidly, from the 
lower epidermis. 

Ackerson and Krieg (1977) report that cotton plants respond ' 
to water stress if they had previously been subjected to water 
stress. One of the variables in the present work was soil water 
content, and this is then relevant as the plants may show different 
correlations between methods when dry soil is used if they had 
previously been stressed, or if they had always had ample water , 
supply. The" report that stomata appear to exert some degree of 
control of transpirational flux by responding to humidity deficit 
gradients. In the present work the vapour pressure deficit was 
regulated to have only two values (-24,4 and 7,9 mbar). 

Jhe present work was carried out to find the environmental ~onditions 
at wh~ch the rates of transpiration as determined by each method were 
the most similar. 

• 



[ 

[ 

[ 

- 5 -

3. METHODS AND MATERIALS 

3.1 PLANTS USED 

Seedling of Gossypium hirsutum were used to measure transpiration 

rates. The seeds were germinated in Frankenwald riversand and a 

red silt mix in black nursery bags as shown in Fig. lA and B. 

P small number were in pots as can be seen in Fig. IB, 2A and B. 

The container of soil with the seed planted was placed in a tray 

of water until the seed germinated. The bag or pot with the 

seedling was then transferred to water trays where nutrient 

solution after Hewitt (1966), a 200 ppm NO; combination, was 

supplied, The components of this solution are shown in Appendix B. 

The plants were then alternatively supplied with water and nutrient 

solution. The plants developed slowly in the poor soil, and after 

4 weeks were large enough to use, although it would have been 

preferable to leave them a further 3 weeks to allow them to become 

more woody. After about 5 or 6 weeks the plants entered the 

reproductive phase, and, the flowers or fruits needed to be removed 

from plants of their age which were used. Ackerson and Krieg (1978) 

point out that corn and sorghum, after entering the reproductive 

phase, have different characteristics as far as stomatal control of 

regulation of transpiration is concerned. Although they compared 

cotton with sorghum and corn in some other aspects of transpiration, 

they do not say if cotton has different control qualities after 

entering the reproductive phase. The difference in corn and 

sorghum is that the stomata do not regulate water-loss as efficiently, 

and the plants are therefore' water wasters' of a fashion. The majority 

of the work was done using plants with about 5 expanded leaves as 

seen in Figs. 1,2 and 3. 

3.2 GROWTH CONDITIONS 

The plants were grown in a phytotron chamber with a 14 hour day and 

10 hour night. The temperature and humidity were regulated 
o alternately - 24,4 mbar V.P.D. (35 C, 0,55 RH) and -7,9 mbar 

to give 
o 

(25 C,0,75 

The V.P.D. (vapour pressure deficit) is calculated as follows: 

RH) . 
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B. 

Photographs of the cotton seedlings used . 

A Seedlings growing 1n black polythene nursery 

bags, average of 4 fully expanded leaves. 

B Turgid and flascid plants 1n wet and dry soil 

respectively. 
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B. 

Apparatus used for weight loss, with pot, 1n this case, 

wrapped in glad-wrap. 

A In position for lysimetry. 

B After excision of plant for weight loss, plant 

suspended by string from wire hoop . Root stump 

is covered by glad-wrap . 
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B After excision of plant for weight loss, plant 

suspended by string from wire hoop . Root stump 

is covered by glad-wrap . 
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e (T)-e 
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where V.P.D . 

e (T) 
s 

Vapour pressure deficit. 

Saturation vapour pressure 
at TOC. 

e RH (relative humidity) x e (T) 
s 

e (T) values are ;tvailable in Monteith (1973). 
5 

The night temperatures were 

350 C and 2SoC respectively. 

o 0 27 C and 22 C when day temperature was 

It was unfortunate that the phytotron 

chamber used would give a 

hoped to work at 0,35 and 

maximum of some 0,15 RH 
o 0,65RH at both 25 C and 

latitude. It was 
o 35 C, but this 

was not possible. For this reason only the two combinations 

already mentioned were used. This gives two V. P . D. values, one 

about three times as high as the other. The temperature d i fference 

would affect the rate of opening and closing of the stomata, the 

density of the water, and the metabolic reactions, but neither 

25 0 C or 350 C is particularly extreme for cotton as 18°C is about 

the temperature at which the major metabolic reactions cease 

(Bate pers . comm.), and they were seen to tolerate temperatures 

in excess of 400 C. Hopefully the temperature difference would 

have i .,inal effects on the experiment, but that the V. P.D. was 

the major factor affecting transpiration. The plants always had 

at least one day to acclimatize to new conditions before being used. 

3 . 3 EXPERIMENTAL CONDITIONS 

3 . 3.1 Light intensity 

- 2 - 1 
Different ligh t intensities of 1250 and 400 ~Einsteins m sec 

respectively were used to see t he effect of light on t ranspiration. 

Drews (1979) recorded light intensities randomly varying between 

150 and 880 ~Einsteins m- 2 sec - l In the present work only 2 light 

intensities we r e used. The lower light intensity was facilitated 

by placing the balance below the expanded sheet metal stands in 

t he chamber where the light intensity was reduced. The temeperature 

and RH conditions in this position were almost identical with those 
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on top of the stands. 

3 . 3.2 Soil moisture content 

The other variable in the present work was the quantity of 

water in the soil . By allowing some plants to dry the soil until 

the plant wilted it was possible to see the approximate weight of 

plant, soil and bag at which the soil was at, or close to, wilting 

capacity . This was about 90% of the weight of plant plus soil plus 

bag when the soil was at field capacity (when the bag was weighed 

after standing in a tray of water) . Fig. 1 B shows some plants 

which are quite badly wilted, and yet which were restored to a 

turgid condition within 5 or 6 hours of watering. It was not 

possible to have exactly the correct soil moisture content , so 

that this varied randomly between 2,3% and 21,8%. In the text 

the term dry soil refers to wail which has a water content of l ess 

than 5%, and a wet soil has more than 5%. This value was selected 

as it appears that wilting becomes apparent at below 5% moisture 

in the soil. Soil moisture contents were determined by taking 

cores of soil and drying them ln an oven at 85
0

C for 48 hours. 

Soil moisture was then expressed as 

% soil moisture 
weight of soil - weight of oven 

dried soil 

weight of oven dried soil 

This then gives the weight of water present as a percentage of 

the weight of the oven dried soi l. 

3.4 EXPERIMENT OUTLINE 

4 variables have been mentioned, name ly light intensity, soil 

moisture content, temperature and relative humidity (RH is 

expressed as a fraction, but percent RH as a percentage value. 

The latter is used from here onwards, e.g. 75% RH). Since the RH 

had such a marginal latitude, the temperature and RH variables are 

expressed as a single variable, or vapour pressure deficit. The 

x 100 
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~ffect of the different temperatures have been discussed, but 

interpretation of these results is done in terms of V.P.D. only, 

as temperature effects could not be t es ted without the RH being 

controlled better than it was. 

Within each of these conditions, as combinations, 8 different 

sets of conditions were used. In each of these conditions, both 

the weight loss and potometry methods of determining transpiration 

rates were used, giving a total of 16 tests. In each test 

transpiration rates from the method used were compared with 

transpiration rates obtained by lysimetry. 

Table 1: Outline of the tests applied for determining 

transpiration rates in cotton . 

Light Intensity Vapour Pressure Soil moisture content Method Used 

pEinste in m 
- 2 - 1 

deficit. (mbar) 75% dry =<5% sec wet = 

Weight loss 
wet p6fllmeffy 

-24,4 Weight loss 
dry Potometry 

400 

Weight loss 
wet 

Potometry 

- 7,9 Weight loss 
dry 

Potometry 

Weight loss 
wet 

Potometry - 24 , 4 
We ight loss 

dry 
Potometry 

1250 

Weight loss 
wet 

Potometry - 7,9 
Weight los s 

dry 
Potometry 

Test 

No. 

1 

2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
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After carrying out these 16 tests it was determined that the 

rates for tests 9 and 10 were about the most consistent with the 

lysimetry results, and were r e peated for plants of three age 

group classes, namely 4 weeks, 6 weeks and 10 weeks to see if the 

results were consistent for each age group. Soil moisture content 

was close to field capacity and was thus not specifically determined. 

Since this project was designed as a follow-on to that of Drews (1979), 

seedling of Acacia albida and A erioloba were also used in the 

conditions of tests 9 and 10. Soil moisture content was determined 

for these test. 

3 .5 LYSIMETRY 

Glad wrap , which is a light plastic which seals relatively easily, 

was wrapped around the pot or nursery bag to prevent evaporation 

from the soil. (see Fig. 2). The plant in its pot was then placed 

on a balance, and the rate of weight loss represented the rate of 

water loss by transpiration, assuming that no evaporation occurred 

from the soil The weight was taken each minute for 5 minutes. In 

many cases the weight loss over a long period (e.g. 12 min ., or 

as much as 142 min. had also been taken previously, and the rate 

over this period compared with that determined over the 5 min. 

period. The former was usually quite close to the latter, 1n 

magnitude, although it appeared, from the average taken of the 

lysimetry values where this r eading over a longer period had first 

been taken, that the first l-minute period had a similar reading, 

but that the rates decreased over 

for the long period, and 5,85 g.g 

the 5 min. 
-1 -1 

d wt h 

. d 7 00 d wt-lh-l 
per10 ,e.g. , g.g 

after 5 m1n. of 1 min. 

readings. This suggests that the rate decreases as a result of 

constant handling. 

After the lysimetry measurement was complete, the plant was exc ised 

for use in the weight-loss or potometry tests. In the case of the 

weight loss test, the pot, still wrapped in glad-wrap, was left on 

the balance and any weight loss from the pot by evaporation was 

recorded. For this, the cut stump of the plant was covered with 
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the glad-wrap to prevent evaporation of xylem sap. The rate of 

water loss was, in almost every case, too small to detect in 5 min . 

It was unfortunate that the rate of water loss from the pot itself 

could not be determined for the potometry replicates, as will be 

explained below . Since the lysimetry value needed to be corrected 

for this. However, the average loss of water from the pots in 

given conditions is reasonably constant, and this average loss 

was used to estimate the water loss from the pots of these potometry 

replicates. For example: the average moisture loss from the pots 

in tests 1 and 9 respectively is 0,011 g and 0,014 g. Considering 

that test 9 is in the higher light intensity, one might expect the 

evaporation from the pot to be that little bit greater. Otherwise, 

the average correction factor for each test should be roughly equal 

for both potometry and weight-loss. 

For the cotton plants, (other than for the 10 week old ones), 

the Mettler P 1210 was used to record the weight loss by 

transpiration. This balance is accurate to O,Olg. 

It was found that the draught in the phytotran chamber resulted 

1n the plant being lifted and released, or pushed down and released, 

so that the balance reading fluctuated. Depite this fluctuation it 

was possible to follow a clear trend and the rate of water loss 

appeared to be reasonably constant, as can be seen from the graphs 

in Appendix A. It appeared, in some cases, that the lysimetry rate 

decreased over the 5 min . period. This could have been due either 

to sensitivity to handling as Bate (pers. comm.) suggests, or as a 

result of oscillatory transpiration behaviour ~n cotton as recorded 

by Nagarajah (1978) and others, the period of oscillation being 

between 30 and 40 min. This means that the readings may have been 

taken as a peak in the oscillation has been passed, and the trans 

piration rate was decreasing. 

\{hen the larger cotton plants, or the Acacia plants were used, the 

draught in the chamber caused too much lift on the plant so that 

the readings could not be taken in the chamber, but had to be done 

in the passage of the phytotron. In addition to this, all of the 

acacias, and the 10 week old cotton plants, were in large pots 
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which exceeded the mass limit of the Mettler P 1210 balance, and 

the Mettler P4 balance had to be used for those plants. The 

accuracy of this balance is only for 1 g , and estimate could be 

made for 0,1 g. 

When taking the readings in the passage, the plant was removed from 

its position in the chamber for approximately 20 sec . of each 

minute, and the passage was considerbly dark when compared with 

the chamber. This would probably account for the decrease ln 

transpiration rate over the 5 min. period as mentioned above. 

3.6 WEIGHT LOSS 

As can be seen in Fig. 2, a wire hoop was placed on the balance 

with the plant while doing the lysimetry test , and the plant 

gent l y suspended from this hoop by string as shown. In fact , 

while a light knot was tied in the example in the photograph, it 

was found to be possible to simply loop the string under the top 

leaf, in most cases , and back over the hoop. 

With this system, the stem could simply be cut, using Wolf anvil 

type prunlng clippers, and it would dangle in situ as shown in 

Fig . 2 B. In this way there was no delay between the time of 

cutting and of starting to record weight loss. In addition to this, 

the best estimate of the starting weight (since the draught 

caused lift as mentioned above , each value had to be estimated) had 

already been determined after 5 min . of lysimetry. 

Readings were taken each minute for 5 min. after excision of the 

plant. The rate was, in almost every case, reasonably constant for 

the full 5 min. 

In the case of the larger cotton pl ants, and of the Acacia plants, 

the fluctuation of the balance due to the draught in the chamber 

was so great that it was necessary to position the balance in the 

passage and take readings there. In this case the balance was 

stable, but fluctuation in rate was recorded, even for the lysimetry . 

The weight loss in this case could not be done using the wire hoop. 

----------------
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A wire pushed into the soil as suggested by Bate (pers . comm.) 

was not used since it was difficult to seal the glad-wrap 

around both the stem and the wire. For this reason, the excised 

plant was placed into the stand as shown in Fig. 3 B, except that 

the water sleeve was excluded. Readings with excised plants were 

all taken on the Mettler P 1210 balance. In order to take the 

readings in the passage, it was necessary that the plant be 

removed from its position in the chamber , into the relatively 

dark conditions of the passage, for about 20 sec. out of each 

minute. 

3.7 POTOMETRY 

After doing the lysimetry the plastic was removed from the pot, 

and the pot then immersed in water until the base of the stem 

was immersed, and the stem cut below water. This eliminated the 

need to recut the stem underwater to remove the portion of stem 

where the water was absent from the xylen vessels as it was sucked 

up with release of water tension as the stem was excised (see 

Drews (1979)). The excised plant was then transferred to the 

water sleeve shown in Fig. 3 A, and the apparatus set up on the 

balance as shown in Fig . 3 B. In Fig. 3 B the water sleeve is 

shown to be sealed with glad-wrap to prevent evaporation from 

the water in the sleeve. This was found to be unnecessary since 

the amount of evaporation was 0,0013 g in one minute, or 0,008 g 

in 5 min . which is less than would be detected with the Mettler 

P 1210 balance. This was determined with the water sleeve 

filled with water, but with no stem in it. 

The advantage of this water sleeve system is that the first 

reading for potometry can be taken within 10 to 15 seconds 

following excision of the plant. There is considerably more 

delay than this when using conventional potometers . 

One disadvantage with cutting the stem underwater as was done 

here, is that in removing the plastic and immersing the pot in 

the water, it was impossible , at a later stage, to measure the 

amount of water lost by evaporation from the pot . For this 
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Jeason the average loss from the pots from which plants were taken 

for the equivalent weight-loss tests was used to estimate weight 

loss. Since the average loss from the pot was about 5-15% of the 

total loss in most cases, this estimation was considered to be 

acceptable, if at all necessary. 

3.8 PREPARATORY WORK 

3.8 .1 Scanning Electron microscopy of the cut stern 

The cut end of the stem was fixed in 1% osmium tetroxide in 

Sodium Cacodylate buffer and then dehydrated in an alcohol series 

(method after Frean pers. comm.) after which critical point 

drying, mounting on Stubs and coating with gold-palladium was done 

in the Electron Microscope unit. 

Cut stems - \~ere used to show the effect of cutting ~n air, or under 

water, and after 3 min. in either air or water. The angle of cut 

was also examined to see if a square cut, or angled cut was better. 

3.8.2 Determining the best time of day at which to work. 

Initially some lysimeters were left through the course of a 
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peel was then mounted on a glass microscope slide, and examined 

under a compound nicroscope. This work was carried out 

simultaneously with that of 3 . 8.2, to see if any lag phase could 

be connected with changes in stomatal aperture. Varnish peels were 
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lights switched on, and 45 minutes after they switched off. 

3.8. 3. 2 Scanning Electron Microscopy of Stomata 

Samples of leaf were taken at the same time as the varnish 

peels, fixed, and prepared, for scanning electron microscopy, 

as in 3 . 8.1. 

3.9 EXPRESSING THE DATA 

After the weight - loss or potometry was completed, the leaf 
o blades were excised and dried in an oven at 85 C for 48 hours, 

in order to obtain the leaf dry weight. 

The amount of weight lost in each case by transpiration (after 

correcting for loss by evaporation)was converted to a transpiration 

rate as follows:-

Rate 
leaf dry weight. Time 

where : rate = transpiration rate in g H
2

O lost 

per gr . leaf dry weight per hour 

( g.g d 
- 1 h- l ) wt 

60 is used to multiply rate per minute to obtain rate 
per . hour . 

H20 loss recorded 1n each test . 

Leaf dry weight as obtained above. 

The value for weight loss or potometry was calculated as a percentage 

of the lysimetry rate as follows:-

% Lys test 
x 100 

Lys 

where: % Lys = Percentage of the lysimetry rate. 

Lys = Lysimetry rate. 

Test rate from either weight - loss or potometry . 
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4. RESULTS AND DISCUSSION 

4 . 1 CUTTING THE STEM FOR THE WEIGHT LOSS AND POTOMETRY RECORDING 

Fig . 4 shows scann1ng electron micrographs of some cut stems of 

cotton to show the effect of cutting on the xylen vessels. As 

can be seen, the cutting apparantly does not cause any obstruction 

to water entering the xylem vessels . 

It is possible that cell debris or other debris is drawn up the 

xylem and lodges in seive plates thus causing a blockage in the 

xylem vessel, but this would not be visibl e in the micrograph. 

Such a situation could cause resistance, in the case of the 

potometry method, to water uptake, but should not really affect 

readings using the weight-loss method. 

4.2 STUDY OF STOMATA BY SCANNING ELECTRON MICROSCOPY AND LAQUER 

VARNISH EPIDERMAL IMPRESSION. 

As far as could be seen from the varnish peels giving epidermal 

impressions of leaves of young cotton plants, the stomata are 

open thoughout the day. Fig. 5 B shows the varnish peel and the 

stomata are clearly open. Fig. 5 C shows the stomata clearly 

closed, the guard cells narrow and flascid. Comparative study 

was done by using the scanning electron microscope, and 

micrographs are shown in Fig. 6. Stomata in the dark can be seen 

to be closed, while in the light the outside appears to be 

open. The guard cells below the cuticle appear to close the pore. 

This raises doubts concerning the validity of the observation on 

the varnish peels in that the peel may show the cuticle to be 

open while not penetrating the pore sufficiently to show if the 

guard cells are sealing the actual stomatal pore . 

In the majority of instances the pore appears to be sealed by the 

guard cells although Fig. 6 F shows that this 1S not always the 

case. The stomatal closure may simply be as a result of the 
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Fig . 4 Scanning electron micrographs of the cut ends of cotton stems. 

A Cut under water, and kept under water for 3 mln. - Square cut x 140 

B Cut in water and fixed immediately angled cut x 300. 

C Cut 1n air and fixed immed ia te ly, angled cut x 1500. 

D Cut in alr, fixed 3 mln. later. Square cut x 2000 

E Cut in al.r, fixed 3 mln. later. Angled cut x 1500 
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FIGURE 5 

Varnish peels of stomata on 2nd. leaf of 
cotton plants. 

A 15 min. after the lights switched on. 
B At 14 h 00 

C 45 mln. after the lights switched off. 
A,B abaxial, C adax i al surfaces x 5000 
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FIGURE 6 

Scanning electron micrographs of stomata 
on cotton leaves . 

A,B,C 

D 

E,F : 

G 

15 m1n. after lights switched 
on . A : Adaxial; B,C Abaxial 
surfaces; : A,B : x 1400; C : x 20000 

lOh 05, Abaxial surface, x 14000 
11 h 05, abaxial surface, 

E x 40000 F : x 20000 
12 h 05, abaxial surface, x 3000 
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fixing technique which may affect the guard cells but not the 

cuticle. 

4.3 THE EFFECT ON THE LEAF OF APPLYING LAQUER VARNISH 

Fig. 7 shows a varnish peel of a cotton leaf which had previously 

had varnish applied. As can be seen, there appears to be debris 

collected in the one stomatal pore, but this may simply be the 

cuticle breaking open, if it is a young, developing stomata. 

There did appear to be response to light and dark, in the other 

stomata, but this was not definite from the material observed . 

Fig. 7 B shows a comparative l eaf which had not had varnish 

applied . These two samples were taken after very brief exposure 

to weak light. Fig . 7 B shows the cuticle to be in the open 

position, the guard cells apparently being turgid . This is in 

contrast with the situations shown in Fig. 3 B where the cuticle 

is closed while the guard cells appear to be turgid . Fig. 6 C 

also shows the cuticle to be open and the guard cells not clearly 

sealing the pore, although the pore may indeed be well sealed. 

From all of the material studied to see the effect of varnish on 

the leaf, it appears that the stomata still respond to light and 

dark, although no definite conclusion can be drawn from this study. 

This is possibly not relevant to the study as the work done with 

leaves which had been painted with varnish was carried out some 

4 weeks later, and the effect on the transpiration rate observed 

may not be detectable. Some of these plants were used in the 

experiment relating plant age to transpiration rate. 

4.4 STOMATA ON DIFFERENT AGE LEAVES AND ON COTYLEDONS 

Fig . 8 shows stomata on cotton leaves of different ages. As can be 

seen, on young leaves which are not fully expanded, the stomata are 

poorly developed (Fig . 8A). On medium aged leaves the stomata 

appear to be normal and functional, (Fig. 8B), while perhaps a 

little smaller than stomata on a mature leaf (Fig. 8C). The stomata 

on the medium aged leaf are not clearly open. The main leaves 
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B. 

Scanning electron micrographs of stomata of cotton 

leaves in the dark . A previously painted with 

laquer varnish to take varnish peel x 3000. 

B : Leaf not previously painted with varnish x 4000. 
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FIGURE 8 

Varnish peels of stomata of different cotton 

leaves. A : Adaxial surface of young leaf. 

B,C,O : Abaxial surfaces of medium aged leaf 

(B), mature leaf (C), Cotyledon (C) x 5000 
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on the plants used in the transpiration experiments with 

cotton ot her than the relating plant ages to transpiration rate, 

were between the stages of development shown in Fig. 7B and C. 

In some instanc es cotyledons were still attached to the plant and 

supposedly functional, and Fig. 8 C shows that the stomata on 

co tyledons appear t o be the s ame a s on the othe r l eaves , a lthough 

the s t oma t a l densit y appeared to be 100,e r, but the actual density 

was not determined by counting. 

4.5 STOMATAL RESPONSE TO EXCISION OF THE PLANT 

4.5.1 Expe ri~ents with soil near field capacity 

In a turgid cotton leaf, where the soil water content was 

near field capacity, the stomatal complex looks almost unchanged 

5 min. after the plant was excised at the ground level. Fig. 9 B 

shows the leaf after 5 min. we ight loss with a V.P .D. of about -

8 mbar . The leaf still felt turgid while leaves at - 24 mbar were 

flascid 5 min . after excision of the plant. There may actually 

be a difference in the Stomatal opening. If one looks closely at 

Fig. 9 A, it can be seen that the Stomatal pore is open, with 

bubbles in the varnish impression. The presence of 

bubbles appeared to be associated with those Stomata where 

transpiration rates would probably be quite high. In Fig. 9 B 

however, the Stomatal pore appears as though it may be occluded as 

shown in Fig. 6 D where the guard cells may be sealing the pore, 

but the cuticle is open. This suggests that the cuticle ma y be 

slow in changing conf iguration to seal the pore externally whi l e 

the gua rd cell response i s more rap id . 

Fig. 9 C shows the Stomata 5 min. after exc isi on, but whe r e the 

stem was cut under water as is the case in Potometry. There 

appear to be bubbles in the varnish impression similar t o those 

in Fig. 9 A. This suggests that the Stomata may close duri ng the 

weight loss exper i ment , but may remain open in the Potometry 

experiment. 
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Fig. 9 Varnish peels of stomata of cotton plant in wet soil . 

A Before cutting; B After 5 min. weight loss. 

C After 5 min. potometry . All three abax i al surfaces. 

All three 2nd . leaves x 5000. 
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4.5.2 Experiments with soil near wilting point ln the case 
of a wilted cotton leaf. 

The Stomata are apparently closed (Fig. 10 Z) although the 

guard cells are not as narrow as in Fig. 5 C and in Fig. 6 A. 

In Fig. 10 B five minutes after the plant had been excised, the 

stomata look comparable with those in Fig. 10 A. In Fig. 10 C 

after 5 mln. of Potometry, the Stomata appear to be more flascid 

than in Fig . 10 A which is not what would be expected. Since 

Fig. 10 B and Fig. 10 C are of different leaves off different 

plants, it would probably indicate that the plant in Fig. 10 C 

was under greater water stress at the beginning of the Potometry 

than was that in Fig. 10 A. 

4.6 TRANSPIRATION RATE THROUGH THE COURSE OF THE DAY 

Fig . 11 shows some examples of transpiration rates ln the same 

cotton plant through the day , or through several days . Fig. 11 A 

shows the estimated average rate of weight loss by evapo- transpiration 
-2 - 1 

for 3 intact cotton plants in 1200pEinstein. m sec light and 

29
0

C, 55% relative humidity (-18 mbar V.P . D. ). Fig . 11 B shows the 

same for 3 plants in 400 pEinstein m-2 sec- l light, -18, mbar V.P.D . 

As can be seen, the transpiration rate is almost constant during 

the day, but decreases as the soil dries out . In this work the 

plants and pots were open to the air and both evaporation from the 

soil and transpiration from the leaves were taking place. This work 

was done to determine the soil moisture content which was desired 

for the experiments relating transpiration rates to low soil 

moisture content. By comparing the rate of evaporation 1n pots 

without plants it was possible to estimate the evaporation from the 

soil and thereby estimate transpiration. The soil without plants 

was, however, not in identical evironmental conditions, but v~s 

considered to be comparable. Fig . 11 C shows the estimated 

transpiration rate for the plants in Fig. 11 A related to soil 

moisture content. Fig. 11 D shows the estimated transpiration rate 

through the course of the day for the plants in Fig . 11 A, which 

appears to be slightly higher in the morning than in the previous 

evening. 
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Before cutting; B After 5 min. weight loss; 

After 5 min. potometry. A,C abaxial, B adaxial 

surface. All three 2nd. leaves x 5000. 
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From Fig. 11 
. . -2 

~E~nste1n m 

A and B it was possible to see that plants in 1200 
-1 

sec light at -18 mbar V.P.D. withdrew water from 

the soil to reach near wilting point in about 24 hours. For plants 

in 400 MEinstein m- 2 sec- l the time required was about 48 hours. 

Fig. 11 E shows the transpiration rate, recorded by lysimetry, for 
- 2 -1 

a single plant in 400 MEinstein m sec light, -18 mbar V.P.D. 

and it can be seen that the 

constant at about 4,5 g.g d 

average transpiration 
-1 

wt (gr. H
2
0 per dr. 

rate is relatively 

dry weight of 

leaf per. hour.), until the lights switched off and on several 
-1 -1 

times when the average rate dropped to 3,5 g H
2

0 g d wt hr 

Fig. 11 F shows the transpiration 

for a plant in 1200 MEinstein m-2 
rate 

-1 
hr 

as for Fig. 11 E, but 

light. The average 
- 1 - 1 

transpiration rate in this case is probably about 12 g . g d wt hr , 

but as the lights were swi t ching off and on throughout most of the 

day, it was not possible to get a sufficiently accurate daily 

reading. From the data shown in Fig. 11 E,F it was concluded 

that, when evaporation from the soil is prevented by wrapping 

the soil-root compl ex in glad-wrap, the transpiration rate is 

reasonably cons tant throughout the day so that readings could as 

well be taken in the morning as in the afternoon. 

4.7 COMPARISONS BETWEEN METHODS OF DETERMINING TRANSPIRATION RATES 

A summary of the main results for tests 1 to 16, as outlined ln 

Table 1, are shown in Table 2. 

4.7.1 Weight-loss results rel ated to Lysimetry. 

Fig. 12 shows the results obtained in weight-loss recording 

for cotton plants after the transpiration rate had been determined 

by lysimetry. As can be seen there is very little pattern showing 

a close relationship between the rates determined by each method. 

Fig. 12 A shows a reasonable trend in accordance with what would 

be expected, except that the weight-loss rate is 

higher than lysimetry rates beyond 10 g.g d wt- l 
proportionally 

-1 
h . Otherwise 

there is a gener al increase, but in almost every case the weight-loss 

value is lower than the lysimeter value. 
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From Fig. 11 
. . -2 

~E~nste1n m 

A and B it was possible to see that plants in 1200 
-1 

sec light at -18 mbar V.P.D. withdrew water from 

the soil to reach near wilting point in about 24 hours. For plants 

in 400 MEinstein m- 2 sec- l the time required was about 48 hours. 

Fig. 11 E shows the transpiration rate, recorded by lysimetry, for 
- 2 -1 

a single plant in 400 MEinstein m sec light, -18 mbar V.P.D. 

and it can be seen that the 

constant at about 4,5 g.g d 

average transpiration 
-1 

wt (gr. H
2
0 per dr. 

rate is relatively 

dry weight of 

leaf per. hour.), until the lights switched off and on several 
-1 -1 

times when the average rate dropped to 3,5 g H
2

0 g d wt hr 

Fig. 11 F shows the transpiration 

for a plant in 1200 MEinstein m-2 
rate 

-1 
hr 

as for Fig. 11 E, but 

light. The average 
- 1 - 1 

transpiration rate in this case is probably about 12 g . g d wt hr , 

but as the lights were swi t ching off and on throughout most of the 

day, it was not possible to get a sufficiently accurate daily 

reading. From the data shown in Fig. 11 E,F it was concluded 

that, when evaporation from the soil is prevented by wrapping 

the soil-root compl ex in glad-wrap, the transpiration rate is 

reasonably cons tant throughout the day so that readings could as 

well be taken in the morning as in the afternoon. 

4.7 COMPARISONS BETWEEN METHODS OF DETERMINING TRANSPIRATION RATES 

A summary of the main results for tests 1 to 16, as outlined ln 

Table 1, are shown in Table 2. 

4.7.1 Weight-loss results rel ated to Lysimetry. 

Fig. 12 shows the results obtained in weight-loss recording 

for cotton plants after the transpiration rate had been determined 

by lysimetry. As can be seen there is very little pattern showing 

a close relationship between the rates determined by each method. 

Fig. 12 A shows a reasonable trend in accordance with what would 

be expected, except that the weight-loss rate is 

higher than lysimetry rates beyond 10 g.g d wt- l 
proportionally 

-1 
h . Otherwise 

there is a gener al increase, but in almost every case the weight-loss 

value is lower than the lysimeter value. 
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FIGURE 11 

Transpiration rates over extended time periods . 

A3nd B: average rates of weight loss from three 

plants by evapotranspiration in 

120 . . -2 -1 . h o ~E1nste1n m sec 11g t 

each of 300 and 

and -18 mbar V. P . C. 

( . ) : loss by evapotranspiration. (-0-) : 

estimated loss by transpiration alone . C: trans

piration as a function of soil moisture content . 

D: Est imated transpiration r a t es over portions of 

three days. E and F: Transpiration rates recorded 

by lysime try through the course of the day for 
-2 -1 

individual plants in 300 and 1200 ~Einstein m sec 

light r espect ively and -18 mbar V. P.D. 
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Table 2 Summary of r eslIlts .A : tee 16 t e s t s ou tlined in 

- Table 1. B f OL the age gtv ~ ~ compa ri so n , 

C fo r the Acac ia spp . compar i sons. 

A ... ~ 
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~ , ~ ~ 
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~ u - , ..0: ..0: - ... .... , u ... ... , .... u :. , , 
u '" :. u u 
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u C " QJ 8 ..0: Ul e 8 Ul 
..0: . ... 0 Co u - .... 00 '" u - .... 0 '" 00 '" Co 8 Ul .... Ul . ... ,.., Ul .... Ul U ,.., 
.... ::t '" QJ QJ 0 '" QJ QJ 0 '" 0 
,.., ~ > f-< f-< Vl ,.., ~ .. f-< Vl ,.., 0- '" -

[ 10,1 3 , 2 2 ,4 75 8 ,8 8, 2 6,7 82 

9 ,5 9, 0 9, 2 lC2 8 , 2 3,5 4,5 129 

400 - 24, 4 35 1 8 ,4 11,6 15,1 130 2 8,0 2 ,5 5,2 208 

6,9 13,3 24, S 184 7,1 1,9 6,6 34 7 

[ 5,3 0,4 0,0 0 6 ,2 5, 8 11.6 200 

5, 2 10,8 11,4 106 5,6 2, 2 1, 5 68 

Ave r age 7, 6 8,1 10, 4 128 7,3 4, 0 6,0 150 

[ 3, 9 0,3 0,8 267 4,0 0, 9 1,0 III 

2,8 2 ,3 0,3 13 3,1 2 ,2 3,6 164 

400 - 24 ,4 35 3 2, 6 0, 4 0,0 0 4 2,7 1, 4 0,0 0 

2,5 3,7 0,0 0 2,3 3,0 3,1 103 

Ave r age 3,0 1,7 0,3 18 3,0 1,9 1,9 100 

12,9 3,2 3 ,7 116 21 , 8 4, 9 4,5 92 

10, 6 2,1 4 ,1 195 11 , 1 4,1 2,5 61 

400 - 7, 9 25 5 10, 2 4, 2 4, 3 102 6 10,4 9,9 2,6 26 

9,7 4, 8 2,4 50 10,0 3,1 3, 8 123 

[ 
8 , 8 4,4 4 ,0 91 6, 4 4, 3 3, 4 79 

Ave r age 10, 4 3,7 3,7 100 11,9 5,3 3, 4 64 

3,9 0,0 0,0 100 3,9 2,4 2,0 83 

3,9 0,6 0,0 0 3,9 0,7 0, 5 71 

4CO - 7,9 25 7 3,5 2,9 0,9 31 8 3,4 2,8 1, 4 50 

3,1 0,4 0,4 100 3,2 1,1 0,6 55 

3,1 0,3 0,0 0 2,9 0,0 0,0 100 

Average 3 , 5 0 , 8 0,3 38 3.5 1,4 0 ,9 64 
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17,1 4,8 5,5 115 9,9 6,4 65 

15,0 8,4 6,5 77 3,6 3,8 106 

[ 
5,3 4,9 0,8 16 

Average 17,2 6,8 6,1 90 12,7 6,3 4,0 64 

4,2 6,7 5,6 84 4,0 1,5 1,7 113 

4,2 2,6 1,5 58 3,9 9,4 5,3 56 
1250 -24,4 35 11 ;3,4 1,2 1,4 117 12 3,7 2,3 1,4 61 

3,3 1,3 0,2 15 3,4 3,1 0,4 13 

3,0 2,6 0,8 31 

Average 3,6 2,9 1,9 66 3,8 4,1 2,2 54 

11,6 2,1 4,1 195 19,4 5,7 5,2 91 

11,0 8,0 6,7 84 10,1 4,1 2,7 66 

10,1 4,0 5,3 133 9,7 3,4 2,7 79 
1250 - 7,9 25 13 9,9 3,9 4,1 105 14 9,6 3,1 3,0 97 

9,5 4,9 6,9 141 7,4 3,9 3,8 97 

6,5 4,5 1,4 31 6,0 4,8 2,9 60 

5,8 3,8 2,7 71 5,4 3,2 1,9 59 

5,3 2,3 3,0 130 
Average 9,2 4,5 4,5 100 9,1 3,8 3,2 84 

4,9 3,4 1,6 47 4,8 2,7 2,9 107 

1250 - 7,9 25 15 4,3 6,7 2,5 37 16 4,1 2,7 3,0 111 

4,1 4,9 2,5 51 

Average 4,4 5,0 2,2 44 4, 5 2 .7 3 ,0 III 
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FIGURE 12 

Weight loss (WL) related to Lysirnetry 
- 1 - 1 

(Lys) , each in g . g d wt h . 

A,B , E,F: wet soil. C,D , G, H: dry soil 

A- D: - 24,4 rnbar V.P.D., E- H: -7,9 rnbar V.P.D. 
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The poorest relationships are in those instances where the soil 

moisture content was low. Other than for Fig. 12 A, the better 

correlations were found where the higher light intensity was 

applied, and where the soil moisture content was near field 

capacity. This is true both at - 24 , 4 mbar V.P.D. (Fig. 12 A-D) 

and for -7,9 mbar V.P . D .. 

As can be seen by the regression coefficient (r2) for each 

relationship, a correlation is suggested for Fig. 12 A,B,D,F,G 
2 

with positive correlations, and r values greater than 6. The 
2 

r values greater than 0,80 show very good correlations, although 

the slope is less than one , while if the weight-loss values were 

the same as the lysimeter values, the slope wou ld be one. 

4 . 7.2 Potometry results related to lysimetry 

Fig. 13 shows the transpiration values as determined by 

lysimetry and by potometry . The r elationships are poorer 

case than for the weight-loss and lysimetry relationship. 

in th i s 
2 

The r 

values are higher in this experiment for low moisture content than 

for the previous experiment, while the values for soil water 

contents near field capacity the relationships are quite poor . 

The values shown in Fig . 13 A show the potomet r y values to be 

generally higher than the lysimetry values, Fig. 13 C,F and H show 

the values to be more equal while in the others they tend to be 

lower than the lysimetry values. There are fewer cases here of 

there being zero readings for transpiration, even 1n the lysimetry 

comparisons . This is difficult to explain since the soil moisture 

contents are all roughly the same, near the wilting capacity, for 

both sets of experiments, and yet in more instances the lysimetry 

yielded zero rates in Lhe former experiment . One would expect 

the weight-loss results to be lower than the potometry results 

Slnce wa t er is not under stress in the potometry, and yet , as 

Table 2 shows, the weight-loss results are generally higher than 

the potometry values . 
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4.8 TRENDS IN WEIGHT-LOSS AND POTOMETRY RESULTS IN THE FIRST 

FIVE MINUTES AFTER EXCISION OF THE PLANT 

Fig. 14 shows the trends followed by each of weight loss and 

potometry recordings, presented as a percentage of the lysimetry 

* value in each case. The average values for 5 plants are presented. 

As it can be seen, there is a general increase from below the 

lysimetry value, sometimes to exceed it, and then a decrease 

again. In most cases the weight loss and potometry values are 

lower than the lysimetry values . The initial drop in rate is in 

accord with the Ivanoff effect as discussed by Drews (1979) . 

* Average values are glven in Appendix A. 

4.9 DIFFERENCES BETWEi;N WEIGHT LOSS OR POTOMETRY AND LYSIMETER 

RELATED TO SOIL MOISTURE 

Fig. 15 shows either weight loss or potometry results as percentages 

of their respective lysimetry values as a function of the moisture 

content of the soil . It is not clear, but one would expect the 

greater deviations from the lysimetry value to be at lower soil 

moisture values . This is suggested from the data. 

4 . 10 TRANSPIRATION VALUES RECORDED AS A FUNCTION OF THE AMOUNT 

OF LEAF MATERIAL IN THE SAMPLE 

Fig. 16 shows this relationship for the transpiration rate 

determined for cotton plants as a function of the amount of 

leaf on the plant. The thinking is that when there is only 

little leaf material, the error fraction could be greater, i.e. 

better values may be obtained with plants having more leaf . 

Ackerson and Krieg (1918) point out that for corn and sorghum 

water use efficiency differs relative to stomatal control when 

the plant is in the reproductive phase. Although they also 

worked with cotton, they did not mention this feature with regard 

to cotton. The larger plants used in the present experiment were 

in the reproductive phase which is reached in about 4 weeks, and 
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FIGURE 16 

Transpiration rate recorded vs . amount 
. 1 .. -2 -1 of leaf ~n samp e.~E pE~nste~n m sec 
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~he flowers were removed a few hours before the plants were used. 

The data does not show a defini .te trend which might indicate that 

different leaf areas lead to experimental error ~.e. there is 

apparently no error in estimation linked to the s~ze of the plant 

used . 

4 .11 COMPARISON BETWEEN ACACIA ALBIDA, A ERIOLOBA, AND COTTON 

TRANSPIRATION RATES 

Fig. 17 shows some results for Acacia albida and A erioloba for 

essentially the same experiments as conducted for cotton. 

From Fig. 17 A, B it can be seen that the weight loss and 

potometry results for A albida appear to bear no clear 

relationship with the lysimetry results. The A erioloba 

results show better trends lysimetry results . The A erioloba 

results show better trends. There are clear trends of a positive 

linear relationship between weight l oss and lysimetry at - 24,4 mbar, 

and at - 7,9 mbar, (r
2 

= 0,96 and 0,86 resply.) . The relationships 

for potometry are not so good , and infact poor (r
2 = 0,09) at 

2 2 
- 7,9 mbar, and r = 0,76 at - 24,4 mbar. The r values for A albida 

are : weight loss: 24,4 mbar 
2 Potometry: - 24,4 mbar r 

2 2 
r 0,82; - 7,9 mbar r = 0,19; 

2 
= 0,41; - 7,9 mbar, r 0,23 . 

It is very interesting, as can be seen in Fig. 17 C,D that for 

both species of Acacia the potometry and weight loss results at - 7,9 

mbar are higher than lysimetry, while at -24,4 mbar they are lower. 

This is the reverse of the trend for cotton as can be seen in 

Fig . 14 where the rates were generally higher at - 24 , 4 mbar than at 

- 7,9 mbar when taken as percentages of lysimetry. 

4 .12 INTERPRETATION OF RESULTS 

4. 12.1 Comparison with pub.lished res.ults 

Nagarajah (l9J8) found the stomatal dens.ity for the upper 
- 2 and lower sufaces of cotton leaves to be 92 and 209 mm respectively. 

In the present work the values of 112 and 263 mm- 2 respectively. 
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In the present work the values of 112 and 263 mm- 2 respectively. 
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FIGURE 17 

Transpiration experiments with Acacia a1bida 

and A erioloba plants. A,B : Weight loss (WL) 

or potometry (Pot) 
-1 

Each in g . g d wt 

related to Lysimetry (Lys) 
- 1 

h . C,D: WL or Pot, as a 

percentage of Lys , as a function of time after 

excision (Average of 3 plants). E,F: WL or Pot, 

as % Lys, as a function of soil moisture 

content. 
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- 2 -1 
.He reports transpiration rates of 1,3 to 1,5 g dm h for 

exc ised cotton leaves. In order to compare these with the 

results of the current work, the ratio of leaf area to leaf 

dry weight was determined 
-2 

weight 0,45 g.dm 

-2 to be 2,75 g. dm ; leaf area: fresh 

This means that for the data in the present work, with an ave rage 

rat e , determined by lysimetry, for plants in wet soil, 1250 ~Einstein 
-2 -1 m sec light and -24,4, mbar V.P.D. which is 6,5 g.g d 

-2 -1 

-1 -1 
wt h , 

has an approximate value of 2,36 g dm h , while for 
-1 -1 

rates, move comparable with his, 6,1 g.g d wt h or 

weight 

2,22 g 

Drews (1979) gives the following results for A albida Lysimet ry 

loss 
-2 dm 

-1 -1 -1 1 3,52 g.g d wt h ; weight loss 1,85 g.g d wt hand %Lys 53%. 
-1 -1 -1 -1 

Lysimetry 3,8 g.g d wt h ; potometry 0,6 g.g d wt hand 

%Lys = 16%. 

The values for A erioloba are: Lysimetry 2,2 g.g 
-1 1 

loss 1,17 g.g d wt h ; %Lys 53%. Lysimetr y 
-1 -1 

potometry 0,1 g.g d wt hand %Lys = 6%. 

-1 -1 . 
d wt h ; weight 

-1 -1 
1,7 g. g d wt h ; 

The results for the present work can be seen in Fig. 17, and are 

similar for work at -24,4 mbar although the potometry results were 

higher, and the % Lys for potometry results was higher. The 

results for the -7,9 mbar tests for A albida as shown in Fig. 17 C 

have very high % Lys values for both po tometry and weight l oss . 

They are also quite high for A erioloba as shown in Fig. 17 D. 

4.12 . 2 Discussion 

The only explanation for the fact that rates following eXCiSion 

were higher than rates prior to excision for the acacias in lower 

V.P.D., is that they are xerophytic in nature and, at low V.P.D. 

do not regulate transpiration as rigidly as at high V.P.D., so that 

water can escape more quickly when the tension in the xylem vessels 

is released. 

Pendle (pers. comm.) suggests that the transpiration rates at 

-7,Q mbar should be about one third those at -24,4 mbar as this 

is the ratio of vapour pressure deficits. This was, however, not 

-1 
h . 

the case for either cotton or for the Acacias as can be seen in Table 2. 
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The fact that cotyledons were still attached in some of the 

cotton plants, (although apparently not senescing) should not 

have caused a great drop in transpiration rate. It must be 

remembered that the presence or absence of cotyledons, or other 

factors such as honeydew, (as will be discussed later) may lead 

to variability between samples, but should be a constant factor 

for each sample affecting the weight loss rate or potometry rate 

as much as it did the respective lysimetry rate, so that it should 

not cause the % Lys value to be affected. 

There were a large number of aphids present on some of the cotton 

plants. They exuded a great deal of honeydew which made the leaf 

surfaces sticky. Since the problem became worse toward the end of 

the experimental period, it affected the tests done at -7,9 mbar 

and the test for age group activity more than it did the tests at 

- 24,4 mbar. This could be the reason for the lysimetry rates being 

lower for similar soil moisture contents. For example, some of 

the higher soil moisture contents for the tests with dry soil 

overlapped with the lower values for the wet soil test, and yet the 

transpiration rates in several cases were zero . The lower averages 

related to soil moisture may thus be related to the aphid problem 

more than to the soil moisture. This should, however, not affect 

the % Lys value, as has already been explained. 

An alternative, or additional/ explanation for the lower transpiration 

rates may be that some plants had inadvertantly been more hardened 

by previous moisture stress. This would be in accordance with the 

observation by Ackerson and Krieg (1977) who report that cotton 

plants, if previously having been subjected to mild water stress, 

were less responsive to water stress. 

If the observation above is correct that the lysimetry values 

which appear to decrease in the 5 min. of recording (which is 

particularly true when readings were taken in the passage as 

reported), then it would probably provide good reason for lower 

% Lys values. That is, if the transpiration rate is dropping as 

a result of handling, it would continue to drop, and probably 

move quickly, after excision of the plant. In the basic 16 tests 

with cotton plants the handling was minimal during the two 5 min. 
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~eriods as the plant remained on the balance for the whole period, 

and in the case of the weight loss tests, was not even removed 

between tests, but was excised in situ. Despite this, the 

results show in Table 2 do not indicate very low % Lys values for 

the age group comparisons and for the Acacia spp. comparisons, 

than for the 16 tests. 

One advantage of the sequential lysimetry and weight loss method 

using the wire hoop is that the first reading after excision can 

be checked against the last reading from before excision . In the 

potometry it was necessary to guess at even this reading. The 

problem involved is that, with the fluctuation caused by the draught, 

the first reading, in some instances, was such an underestimate for 

po tome try that it was below even the 5 min . reading. 

When doing the potometry, it was possible, in the case of the 

small plants, to gently uproot them and immediately to place the 

roots in water and then cut the stem for the potometry. This 

would be similar in idea to cutting twice as Drews(1979) did, 

but would probably have less risk of cutting below the a1r 

embolism in the second cut, which resulted from sudden release of 

tension in the xylem as the stem was cut the first time . The 

advantage of this is that the soil is not immersed in water, and it 

may be possible to estimate the rate of evaporation from the pot, 

except that it is necessary to unwrap the pot in order to uproot 

the plant, and 1n cewrapping it the moisture escape may be at a 

different rate if the wrapping is sealed differently. With the 6 

and 10 week old cotton plants, and the acacias, the root systems 

were too well developed to allow the plants to be uprooted. 

Ower (pers. comm.) indicates that the lower transpiration rates 

determined by potometry may be because of osmotic shock as the stem 

is severed 1n almost pure water . Since the xylem sap probably has 

an 10n1C consistency which is very much the same as the nutrient 

solution applied, it may be worthwhile determining at what dilution 

of the nutrient solution it is isotonic for the osmotic potential of 

the stem, and then see if severing the plants in such an ionic 

solution results in a closer correlation between the potometry and 

lysimetry values. 
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The findings of Nagarajah (1978), cited above, are interesting in the 

light of the present work. If the ratio of old leaves to young 

leaves is high, then transpiration rates may be relatively lower 

than for a low ratio. While this is relevent to variability between 

samples, if the ratio is low, the transient increase in transpirational 

rate due to the upper stomata responding to excision, may result 

in a higher % Lys value than if the old leaf: young leaf ratio is 

high . 

... 

... 

[ 

[ 

... 

... 

... 

[ 

- 56 -

The findings of Nagarajah (1978), cited above, are interesting in the 

light of the present work. If the ratio of old leaves to young 

leaves is high, then transpiration rates may be relatively lower 

than for a low ratio. While this is relevent to variability between 

samples, if the ratio is low, the transient increase in transpirational 

rate due to the upper stomata responding to excision, may result 

in a higher % Lys value than if the old leaf: young leaf ratio is 

high . 



... 

[ 
[ 

[ 

[ 

[ 

[ 

[ 

- 57 -

5. CONCLUSIONS 

From this work it appears that ther e are reasonable correlations 

between lysimetry results and the results of the other two methods, 

viz. weight loss and potometry. The bes t correlations were found 

with soil moisture contents above 5%. The results were about 

equally correlated for the co tton as well as for the a:ac ia species. 

The reason that the results are so satisfactory could be attributed 

to the fact that the weight loss method, having the plant 

suspended from a hoop on the balance , allows more accurate r ecording. 

Furthermore, the potome try method, cutting the plant under water 

in the first instance , and having a water sleeve as opposed to the 

conventional potometer, thus enabling the worker to take readings 

with very little delay after excision of the plant may make 

greater accuracy possiule. 

With conditions controlled as much as possible, careful refinement 

of the methods used, and using more replicates, it should be 

possibl e for workers in the future to identify the physiology 

behind the Ivanoff effect. This may help to identify the causes 

of the deviation from the lysimetry r ates , (whic h are thought 

to be the true transpiration rates). When one uses the destructive 

methods of assessing transpiration rates. With such unde rstanding, 

the se refinements of the weight loss and potometry methods could 

be used with greater conf idence in estimat ing transpirat ion rates 

for whole trees. 

... 

[ 
[ 

[ 

[ 

[ 

[ 

[ 

- 57 -

5. CONCLUSIONS 

From this work it appears that ther e are reasonable correlations 

between lysimetry results and the results of the other two methods, 

viz. weight loss and potometry. The bes t correlations were found 

with soil moisture contents above 5%. The results were about 

equally correlated for the co tton as well as for the a:ac ia species. 

The reason that the results are so satisfactory could be attributed 

to the fact that the weight loss method, having the plant 

suspended from a hoop on the balance , allows more accurate r ecording. 

Furthermore, the potome try method, cutting the plant under water 

in the first instance , and having a water sleeve as opposed to the 

conventional potometer, thus enabling the worker to take readings 

with very little delay after excision of the plant may make 

greater accuracy possiule. 

With conditions controlled as much as possible, careful refinement 

of the methods used, and using more replicates, it should be 

possibl e for workers in the future to identify the physiology 

behind the Ivanoff effect. This may help to identify the causes 

of the deviation from the lysimetry r ates , (whic h are thought 

to be the true transpiration rates). When one uses the destructive 

methods of assessing transpiration rates. With such unde rstanding, 

the se refinements of the weight loss and potometry methods could 

be used with greater conf idence in estimat ing transpirat ion rates 

for whole trees. 



l 

[ 

... 
[ 

[ 

[ 

[ 

[ 

[ 

- 58 -

6. REFERENCES 

Ackerson R C, D R Krieg (1978) Stomatal and non stomatal regulation 

of water use in cotton, corn, and sorghum. Plant Physiol. 

60 (6) : 850-853. 

Drews B K (1979). A Comparison of Techniques for Determining 

Transpiration in Whole Plants. Honours Thesis . Department 

of Botany and Microbiology, Science Faculty, University of 

the Witwatersrand, Johannesburg . 

Itewitt E J (1966) Sand and Water Culture methods used in the 

study of plant nutrition. Commonwealth Agricultural Bureaux, 

Farnham Royal, Bucks, England . 

Monteith J L (1973) Principles of Environmental Physics. Edward 

Arnold, London. 

Nagarajah S (1978). Some Differences in the Responses of the 

Two Leaf Surfaces in Cotton. Ann. Bot. (Lond.) 42 (181): 

1141-1148 . 

Personal Communications 

Of the Department of Botany and Microbiology, Science Faculty, 

University of the Witwatersrand, Johannesburg. 

Bate, Prof . G C 

Frean. Dr. M F 

Pendle. Mr. B G 

Of the Department of Botany, University of Transkei, Private Bag 

X5092, Umtata, Republic of Transkei. 

Ower, Miss J 

l 

[ 

... 
[ 

[ 

[ 

[ 

[ 

[ 

- 58 -

6. REFERENCES 

Ackerson R C, D R Krieg (1978) Stomatal and non stomatal regulation 

of water use in cotton, corn, and sorghum. Plant Physiol. 

60 (6) : 850-853. 

Drews B K (1979). A Comparison of Techniques for Determining 

Transpiration in Whole Plants. Honours Thesis . Department 

of Botany and Microbiology, Science Faculty, University of 

the Witwatersrand, Johannesburg . 

Itewitt E J (1966) Sand and Water Culture methods used in the 

study of plant nutrition. Commonwealth Agricultural Bureaux, 

Farnham Royal, Bucks, England . 

Monteith J L (1973) Principles of Environmental Physics. Edward 

Arnold, London. 

Nagarajah S (1978). Some Differences in the Responses of the 

Two Leaf Surfaces in Cotton. Ann. Bot. (Lond.) 42 (181): 

1141-1148 . 

Personal Communications 

Of the Department of Botany and Microbiology, Science Faculty, 

University of the Witwatersrand, Johannesburg. 

Bate, Prof . G C 

Frean. Dr. M F 

Pendle. Mr. B G 

Of the Department of Botany, University of Transkei, Private Bag 

X5092, Umtata, Republic of Transkei. 

Ower, Miss J 



[ 

[ 

20 

10 

III 
;,., 
H 

0 

J. . 

[ 

A. 

-

[ 

a 
a a a 

a 

• 0 • 0 • 
1 2 ~ 4 5 

time (mins) 

a 

a a a a • 0 0 0 

1 2 ~ 4 5 

t ime (rr. :ns ) 

- 59 -

APPENDIX A 

20 

le 

III 

::1 
0 

B. 

B. 

A 
a 

0 0 

1 2 

ti,"e 

· " 
1 2 

a 

0 

~ 

(mins) 

a 
o 

t · ( . , l.ITe rr.J!"lS I 

a 

0 

4 

I 

4 

a 

0 

5 

a 
o 

= 

Aver age ;yzirnetry rate s far ten cotton ')i. ar.t s eoch , nho\:ir., -,hat 

t he re is , e ve n with takin(; .3n aver p.;:e , a fai r 3r.lOunt ') f de'Jieti :m. 

The devi ations i n the indi ·ridunl tr anspir .r: t i "n rat.es as rec "'- r.. ea 

is far g€ater . The r esults : or lysirr.e try s hould r-e "' ''' ns- qnt ~ n 

as 3hor t 8 period ~ s fi ve minutes 95 shov~ . A and P : !.oc and 

1250 ,lEi:1ste:r: m-2sec-1 liF.;r. t respective l y 3t - ? 4 , 5 ",l'f\r '!I'D. 

L .. t ti t· r ate J.·n :: . '" d .... - l . ·n- I • ys . : cys.1:le ry _r "r.sp ra lon . :; b W . 

[ 

[ 

20 

10 

III 
;,., 
H 

0 

J. . 

[ 

A. 

-

[ 

a 
a a a 

a 

• 0 • 0 • 
1 2 ~ 4 5 

time (mins) 

a 

a a a a • 0 0 0 

1 2 ~ 4 5 

t ime (rr. :ns ) 

- 59 -

APPENDIX A 

20 

le 

III 

::1 
0 

B. 

B. 

A 
a 

0 0 

1 2 

ti,"e 

· " 
1 2 

a 

0 

~ 

(mins) 

a 
o 

t · ( . , l.ITe rr.J!"lS I 

a 

0 

4 

I 

4 

a 

0 

5 

a 
o 

= 

Aver age ;yzirnetry rate s far ten cotton ')i. ar.t s eoch , nho\:ir., -,hat 

t he re is , e ve n with takin(; .3n aver p.;:e , a fai r 3r.lOunt ') f de'Jieti :m. 

The devi ations i n the indi ·ridunl tr anspir .r: t i "n rat.es as rec "'- r.. ea 

is far g€ater . The r esults : or lysirr.e try s hould r-e "' ''' ns- qnt ~ n 

as 3hor t 8 period ~ s fi ve minutes 95 shov~ . A and P : !.oc and 

1250 ,lEi:1ste:r: m-2sec-1 liF.;r. t respective l y 3t - ? 4 , 5 ",l'f\r '!I'D. 

L .. t ti t· r ate J.·n :: . '" d .... - l . ·n- I • ys . : cys.1:le ry _r "r.sp ra lon . :; b W . 



L 

[ 

[ 

[ 

[ 

- 60 -

APPEND I X B 

TABLE 3 : Components of the nutrient solution applied to the 

cotton seedlings . After Hewitt (1966). 

Chemical Concentration -I (g . .e.. ) Molarity (mM) 

KN03 0,505 0,005 

Ca (N03)2' 0,820 0 , 005 

Fe EDTA 0,03 0,00008 

NaH2P042H2O 0,208 1,3 

MgS047H2O 0,369 3 

MnS044H2O 0,00223 0,01 

CuS04 5H2O 0,00024 0,001 

ZnS04.· 7H2O 0,00029 0,001 

H
3

B0
3
' 0,00186 0,033 

(NH4) 6' M0 70244H20 0,00003 0,002 

CoS04 7H2O 0,00002 0,0001 

NaC} 0,00585 0,1 
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