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INTRODUCTION 

In actively growing plants all life processes take place in the 

presence of water. For every gram of dry matter produced several 

hundred grams of water pass through the plant and are lost into the 

atmosphere from plant surfaces by transpiration. Because of this 

loss of water, a large amount of water is necessary in order to 

obtain satisfactory yields and good quality produce. In G)entral 

and southern Saskatchewan the average annual precipitation is 

relatively low and ranges from 25 to 38 centimeters (10 to 15 inches). 

Therefore, moisture can be the most important limiting factor for 

crop production in the area. 

The Department of Horticulture Science at the University of 

Saskatchewan, Sask~toon has alreaQy conducted some fertility and 

irrigation trials on a number of vegetable crops. K. E. Hwang in 

1970 conducted experiments in this department to study the amount 

of water used at different stages of growth by two crops, namely 

cabbage and potatoes. These experiments were designed to study 

the amount of water used at different stages of growth by snap beans 

under growth chamber conditions, and under the infiuence of two 

fertility levels. 



LITERATURE HhVIEWED 

Importance and Functions of Water in Plants 

In plant growth, according to Kozlowski (1968), growth and 

development has been limited to some degree by either too little 

or too much water, but mostly by the former. He reported that 

the importance of water has been dramatized by the fact that many 

deserts and grasslands could support luxuriant plant growth only 

if an adequate supply of water was available. Devlin (1966) 

referred to water as the fluid of life. The importance of water 

in plant life has been reported by many workers (Kramer, 1959; 

Devlin, 1966; Currier, 1967; Salisbury and Ross, 1969; and Goss, 

1973) and it has been very well explained by Currier (1967) in 

the following quotation. 

"Since it is usually assumed that life 

ceases if metabolism is brought to a 

complete standstill, this would mean 

that life as we know it, would be 

impossible in the complete absence of 

water.'' 

Goss (1973) pointed out that if a plant suffered from a lack of 

2 

an adequate amount of water, it would die because the essential 

functions within the plant were not served. He put these functions 

into the following five categories: 

1. water helped to maintain a relatively uniform temperature 



of the plant tissue, 

2. water acted as an excellent solvent, 

3. water was necessar,y for the translocation of chemical 

substances through the plant, 

4• water acted as a raw material for biochemical reactions 

and therefore participated in several of the chemical 

reactions which occurred in plant cells, and 

5. water was necessary to maintain turgidity. 

According to Kramer (1959), water was the main constituent 

3 

of the protoplasm and made up 85 to 95 per cent of the fresh weight 

of most of the green tissues. He also reported that it was involved 

in essential physiological processes of the plant, such as photo

synthesis and various metabolic reactions. Laverton (1964) 

reported that water transported raw materials and finished products 

within the plant, maintained the proper consistency of the living 

protoplasm in which the growth processes took place, and provided 

the necessary working pressure in the growing cell. It provided 

the sole means whereby the plants obtained nutrients from the soil. 

He also mentioned that water played an essential part in photo

synthesis, the process through which the green plants utilized 

the energy of sunlight to combine water taken up from the soil 

with carbon dioxide obtained from the air and co~verted them into 

simple organic substances which were then used as fuel or building 

units for plant growth. 

Currier (1967) reported that with a high specific heat and 

high heat of vaporization water acted a3 a buffer against high or 
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low temperature injury. He further mentioned that in transpiration 

it cooled leaves exposed to the sun's heat and this enabled them to 

function even in the brightest sunlight without injury. It was 

also pointed out by Goss (1973) that the very high heat of vapor

ization of water and its magnitude was due primarily to the need 

to break the hydrogen bonds. He pointed out that evaporation 

required a great amount of heat and thereby lowered the temperature. 

On the other hand, condensation (reverse of evaporation) released 

energy to warm up the environment. Thus, according to him, water 

acted as a very good agent for maintaining a rather constant tem

perature of the plant and its environment. 

Mechanism of Water Absorption 

According to Kramer {1959), water was absorbed from the soil 

mainly through the roots and root hairs. The root system of most 

crop plants presented an enormous surface area that very actively 

absorbed water from the soil. He also mentioned that water absorp

tion by a rapidly transpiring plant was called passive absorption 

and water absorption by a slowly transpiring plant was called 

active absorption. Kramer, ~ !! (1967) assumed that the difference 

in water potential between the surrounding medium and the roots 

was produced either by the osmotic effects of solutes accumulated 

in the root xylem of slowly transpiring plants or by the tension 

developed in the hydrodynamic system of some rapidly transpiring 

plants. Water moved into and through the plants, according to 



Arnon (1972), along gradients of decreasing water potential. 

Kramer (1959) suggested that active and passive absorption 

could occur simultaneously, and the absence of root pressure in 

transpiring plants should not be taken as evidence that active 

absorption was not taking place. However, Slatyer (1965) 

separated these two as independent processes which did not 

operate at the same time. 

Active absorption 

Water, according to Devlin {1966), moved from the soil to 

the interior of the root along an increasing osmotic pressure 

gradient. He pointed out that water moved through the root 

epidermis, cortex, and into the xylem ducts because of increasing 

solute concentrations as it passed from the exterior to the interior 

cells of the root. Kramer {1959) also reported that active 

absorption was attributed to an osmotic gradient and this gradient 

was caused by ion-uptake. Greulach (1973) referred to active 

absorption of water in which the roots themselves pl~ed an 

essential role. He reported that active absorption generated 

root pressure, and that the theories mentioned by Kramer (1959) 

were not adequate enough to explain the active absorption. He 

went on to s~ that simple osmotic movement of water provided 

an adequate explanation. 

McDermott (1945) reported that exudation from excised roots 

of sunflower plants was greatest when the soil moisture was near 



moisture equivalent, but lower at higher moisture contents. 

Anlel (1953) detopped tomato plants with their root system 

immersed in solutions of different salt concentrations and 

these exhibited different exudation rates. Lower exudation 

rates were observed when roots were immersed in solutions of 

lower salt concentrations. According to Kramer (1959), in 

nonosmotic absorption, water moved against a concentration 

gradient and that required metabolic energy. Conversely, 

Devlin (1966) pointed out that no one had been able to prove 

that metabolic energy was directly involved in the uptake of 

water. 

Passive absorption 

6 

From his experiments, Kramer (1933, 1949 and 1959) reported 

that the absorption of water by transpiring plants was due largely 

to the tension or negative pressure developed in the hydrostatic 

system by the removal of water by transpiration and also by other 

processes. Evaporation of water from the mesophyll cells of the 

leaves lowered the water potential of the leaves and the resulting 

potential gradient was the driving force of the passive absorption 

of water from the soil. Slatyer (1960) reported that passive 

absorption was of greater significance than active absorption 

and most of the water was absorbed by the plant by passive 

absorption. Laverton (1964) stated that evaporation-or loss 

of water from a cell left its contents relatively more concen-



trated and it attracted water from adjacent plant tissues which 

progressively led back to the main conducting system running 

through· the plant. 

Devlin (1966) was of the opinion that an increase in solute 

concentration of a cell or decrease in its turgor pressure would 

increase the diffusion pressure deficit of its cell sap and as a 

result would increase the uptake of water. He also pointed out 

that most water absorption occurred through the mediation of 

osmotic mechanisms and the water was taken up passively. The 

driving or suction force created by the rapidly moving columns 

of water, according to Kramer, !i !l (1967), was transmitted to 

the roots and that it was literally pulled into the root from 

the soil surrounding the roots. Greulach (1973) agreed with 

the above statement that passive absorption resulted from the 

development of tension in the water columns of the xylem, and 

these tensions were transmitted across the root tissues to the 

root surfaces, which caused a mass flow of water through the roots 

and into the xylem. He mentioned that, since the flow of water 

through the xylem was usually brought about by the cohesion 

mechanism rather than root pressure, it seemed evident that 

passive absorption was a much more common means of water 

absorption than active absorption. 

Rate of Water Absorption 

The rate of water absorption has been reported to be the 
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important factor in determining the rate of passive absorption 

(Greulach, 1973). He was of the opinion that active absorption 

of water occurred only when the rate of transpiration was low. 

Russell (1950), Kramer (1959), and Greulach (1973) pointed out a 

number of environmental factors limiting the rate of water 

absorption by plants, however, only soil temperature and concen-

tration of soil solution were considered important to these 

studies. 

Soil temperature 

Soil temperature has been reported to limit the rate of 

water absorption by plants (Kramer, 1959; Kramer, !1 !l 1967 and 

Greulach, 1973). Kramer, et al (1967) reported a significant --
reduction in water absorption at soil temperatures below 20 degrees 

C (68 degrees F) and that the reduction was much greater in warm 

season crops (e.g. watermelon and cotton) than in cold season crops 

(e.g. Brassica species). According to Greulach (1973), species 

native to warm climates were generally less capable of water 

absorption at low temperatures than those native to cool climates. 

He confirmed Kramer's (1959) report that for tomato and sunflower 

plants the optimum temperature for active absorption was 25 degrees 

c, but the passive absorption continued to rise with temperature 

due to a marked increase in the rate of transpiration. Salter 

and Goode (1967), as well as Greulach (1973), reported that the 

viscosity of water increased with a decrease in temperature and 



the permeability of root cells also decreased which increased 

the resistance to water movement through the root tissues. They 

also suggested that low temperature reduced root growth and water 

absorbing surfaces. 

Concentration of soil solution 

Kramer (1959) reported that in kumid climates where precipi

tation equalled evaporation, the osmotic pressure of the soil 

solution rarely became a limiting factor for water absorption. 

In regions of low rainfall, according to him, accumulation of 

salt in the soil often raised the osmotic pressure to a point 

where water absorption was hindered and growth was reduced. 

Soils that had been irrigated for yea~s might have high salt 

solution concentrations (Greulach, 1973). The high concentrations 

limited water absorption if there was not enough rain water to 

leach out the salts brought in with the irrigation water. He 

further pointed out that burning of plants by excessive appli

cation of fertilizers was another example of inhibition of water 

absorption by a high solute concentration in the soil solution. 

Kramer (1949) reported that a given diffusion pressure deficit 

in the soil resulted in the same degree of growth reduction in 

bean plants regardless of whether this was produced by low soil 

moisture, high saltcontents, or a combination of the two factors. 



Loss of Water from Plants 

Guttation 

Long (1958) found that water was exuded by plants usually 

on overcast nights when the soil was warm and sufficiently moist. 

Such water appeared commonly in the form of drops and this 

phenomenon was known as guttation, being of a physiological and 

not of a meteorological nature. According to Devlin (1966), 

conditions mentioned above favored the absorption of water, but 

did not favor transpiration and water was literally 'pushed' up 

the xylem ducts and out through specialized structures called 

nydathodes. Goss (1973) also described guttation as the process 

by which water was lost through the leaves in the form of liquid 

water, and was evident when the rate of water absorption was 

more rapid than the rate of water loss by plants. 
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In an attempt to relate guttation or exudation to root 

pressure, Kramer (1959) reported that guttation occurred when the 

absorption exceeded the loss of water, resulting in the development 

of hydrostatic pressure in the xylem which caused water to exude 

wherever it could escape. He also pointed out that most hydothodes 

appeared to be modified stomata and guttation could also occur 

through ordinary stomata and lenticels and, in general, guttated 

water appeared to escape by the path of least resistance. According 

to Goss (1973), the water forced out was not pure water, but was 

a solution with water as the solvent and with various chemical 



substances as solutes. He further reported that frequent gutta

tion caused a deficiency of mineral nutrients within the plant 

and that water evaporation on the leaf surface increased the 

concentration of solutes which caused leaf burn either due to 

high osmotic pressure or due to specific toxicity of one or more 

of the solutes. 
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According to Maximov {1930) and Kramer (1959), th~ degree of 

guttation varied with plants,being generally more significant in 

herbaceous plants than in woody plants. According to Kramer (1959), 

some tropical plants had been reported to guttate so vigorously 

that water literally dripped from their leaves at night. Goss 

(1973) also reported that the amount of water lost through gutta

tion varied with the water contents of the soil, soil temperature, 

soil aeratio~and vapour pressure of the water in the atmosphere. 

He further mentioned that tropical plants might lose a third of 

a litre of water each night as a result of guttation, but in 

temperate regions less than one per cent of the water lost by 

plants was actually lost through guttation. 

Transpiration 

Kramer (1959) described the loss of water in the form of 

vapour by the plant as the process of transpiration. He stated 

that transpiration was essentially an evaporation process, but 

differed from evaporation in physical systems because it was 

modified by plant structures and the behaviour of stomata. He 



further pointed out that most of the water vapour esoaped 

through stomata (stomatal transpiration), but some diffused 

out through the epidermal cells and their covering of cuticle 

(cuticular transpiration). According to Devlin (1966}, the 

magnitude of water lost through cuticular and lenticular trans

piration was insignificant when compared to the amount of water 

lost through stomatal transpiration, except under very dry 

conditions when the stomates were closed. 

According to texts on plant physiology (Meyer and Anderson, 

1949; Kramer, !1!! 1967; and Salisbury and Ross, 1969}, the 

distribution of water in the plant consisted of three interrelated 

processes; water absorption from the soil, its translocation to 

the place of consumption, and water loss by transpiration. Shaw 

and Laing (1966) described transpiration basically as a passive 

process dependent on: 

1. the amount of energy input to supply latent heat for 

water evaporation, 
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2. the availability of water at the surface where evaporation 

occurred, and 

). on the movement of water vapours away from the plant 

surfaces. 

According to Milthorpe and Spencer (1957), evaporation of 

water occurred at two main sites; within the epidermal cell walls 

and within the mesophyll cell walls which line the substomatal 

cavities. They also reported that the proportion of water diffusing 

by these pathways depended on the resistance of each. Penman (1952) 



related maximum rates of photosynthesis and growth to a maximum 

rate of transpiration, whereas Hygen (1953) stated that plants 

which had ver.y slow rates of transpiration also had low rates 

of photosynthesis and grew slowly. Transpiration could also 

have considerable effects on respiration rates and various bio

chemical activities of the plant, according to Gates (1964), and 

was considered as a probable energy source for the translocation 

of organic and inorganic materials between adjacent cells and 

within cells. 

Measurement of transpiration 
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Several methods have been described for the measurement of 

plant transpiration (Kramer, 1959; Devlin, 1966; Lundegardh, 1966; 

and Salisbury and Ross, 1969). Devlin (1966) explained that the 

methods employed to measure transpiration usually involved either 

a measure of the water absorbed or a measure of water vapour 

transpired by a plant. According to him, the first approach took 

advantage of the fact that the rates of absorption and transpiration 

were in accord with each other under a number of conditions. He, 

as well as Salisbury and Ross (1969), pointed out that it was 

virtually impossible to measure transpiration accurately and 

without influencing it. 

Weighing method -According to Kramer (1959), this method was 

the simplest and oldest method to measure transpiration. Devlin 

(1966), as well as Salisbury and Ross (1969), stated that the 



simplest way to measure transpiration with a small potted plant 

was to weigh it at the beginning and at the end of the prescribed 

period. The soil surface might be protected from evaporation by 

wrapping the pot in some water repellent material to retard 

evaporation from surfaces other than that of the plant. The loss 

of weight by the plant over a short period of time would be almost 

completely due to transpiration. They stated that of all the 

methods this one probably influenced transpiration the least. 

The difficulty was that the plant would continuously increase in 

weight as it grew, but the rate of growth was usually insignifi

cant compared to the rate of transpiration. Secondly, use of 

this method was limited to small plants which could be easily 

grown in portable pots. 

The transpiration rate of detached plant parts has also been 

measured by immediately weighing and then weighing after a short 

period of time (Kramer, 1959; and Devlin, 1966). Although the 

relative rates of transpiration might be compared in this manner, 

they stated that transpiration of an excised plant part frequently 

varied from the normal transpiration of the intact plant part. 

In the initial stages the rate of transpiration of an excised 

plant part might exceed normal rates, probably due to the release 

of tensions in the xylem ducts. After a short period of time, 

however, transpiration rates would fall off because of a decrease 

in the water content of the tissue, stomatal closure, and per

meability changes. 

Potomet.er method -As stated by Salisbury and Ross (1969), this 

method took advantage of the fact that, generally, the rate of 
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water absorption was vers nearly equal to the rate of transpir

ation. The shoot, or perhaps the root, of a suitable plant was 

sealed in a water-filled glass vessel. The entire apparatus was 

filled with water so that no air spaces were present and the stem 

must be cut while immersed in water. Loss of water from the 

reservoir was measured by the movement of air bubbles through a 

graduated capillary tube. Devlin (1966)' stated that the rate of 

transpiration as measured for a cut shoot in a potometer would 

not necessarily bear any relation to its rate of transpiration 

while it was still attached to a plant. He, as well as Kramer 

(1959), pointed out the fact that it actually measured water 

absorption rather than transpiration and under certain circum

stances the two could vary considerably. 

Cobalt chloride method -According to texts by Meyer and Anderson 

(1949), Devlin (1966), and Lundegardh (1966), this method was 

based on the change in color from blue to pink when anhydrous 

cobaltous chloride took up moisture and passed over into the 

hydrated form. Filter paper discs were impregnated with a 

slightly acidic three per cent solution of cobalt chloride and 

then were thoroughly dried. When these were exposed to a trans

piring leaf surface, the color would gradually change from blue 

to pink and the rate of color change was indicative of the rate 

of transpiration. Devlin further stated that this method could 
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only be used for measuring the relative rates of different plants. 

Due to modification of different environmental conditions, trans

piration rates determined by this method might deviate considerably· 



16 

from the actual transpiration rates. The surface of the leaf 

covered by the paper was subjected to practically no ai'r movement, 

a reduction in light, and a greater vapour pressure gradient. 

Closed container method - In this method, according to Devlin 

(1966), the transpiring plant or an attached branch or leaf was 

enclosed in a glass container through which an air stream of known 

moisture content was passed and the difference in moisture content 

after passing over the plant material was measured. In earlier 

works (Freeman, 1908) vapour was absorbed in a substance such 

as calcium chloride or phosphorus pentoxide, but Scarth, ~ ~ 

(1948), as well as Huber and Miller (1954), used an infrared 

absorption apparatus to measure the content of water in the air. 

Salisbury and Ross (1969) reported that it became more 

difficult to provide a desired environment around the leaf as 

the chamber was made smaller, and readings were less accurate 

because of the lag brought about by the larger volume of air 

as the chamber became larger. Nevertheless, according to them, 

the environment in the near vicinity of a leaf in such a cuvette 

could be quite accurately measured and allowed fundamental studies 

of transpiration to be carried out. Kramer (1959) pointed out 

that the most important problem in connection with these methods 

was the tendency of enclosed branches to become much warmer than 

those in the open and that winds of too rapid movement might also 

have undesirable effects. He went on to state that these could 

be minimized by enclosing branches for very short periods and 

moving the air stream through them at a slow velocity. 
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Environmental factors affecting plant transpiration 

Transpiration basically has been considered the evaporation 

of water and its diffusion out of plant tissue, hence, the factors 

which influenced evaporation from a moist surface had a similar 

effect on transpiration (Kramer, 1959). The most important of 

these factors were atmospheric humidity, light, temperature, water 

deficits and wind velocity (Kramer, 1959; Devlin, 1966; Salisbury 

and Ross, 1969; and Goss, 1973). These factors have been considered 

important because they affected steepness of the water-vapour 

pressure gradient from th~ evaporating surfaces of the plant to 

the atmosphere (Kramer, 1959). 

Atmospheric humidity - According to Devlin (1966), a vapour 

pressure gradient existed between the internal and external atmos

pheres of a plant, and water vapour diffused through stomata from 

a high vapour pressure to a low vapour pressure area. He also 

mentioned that the rate of transpiration varied with the steepness 

of the vapour pressure gradient •. He further explained that the 

steeper the vapour pressure gradient was, the more rapid the 

transpiration would be. Salisbury and Ross (1969) reported that 

actual concentration of vapour in the air established one end of 

the gradient in the water transpiration pathway. They considered that 

very low humidities and high temperature might be a major control in 

the rate of transpiration. Transpiration decreased with higher 

relative humidity, according to Pallas, !1 !l (1962), and they 



reported large differences in transpiration per plant under a 

given set of conditions. These.differences, when expressed in 

grams per square centimeter {g./cm2) of leaf area, were very 
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small. Devlin {1966) also reported that differences in temperature 

between the leaf and the air would have a greater effect on 

transpiration rate than atmospheric humidity would. Earlier, 

Darwin (1914) reported that transpiration could occur in a 

saturated atmosphere if the leaf temperature was higher than 

the air temperature. 

From their experimental trials, Macklon and Weatherley 

{1965) reported that stomatal aperture increased with humidity 

and was greater at 90 or 95 per cent relative humidity than at 

lower relative humidity levels. This suggested that the increase 

in atmospheric humidity reduced the diffusion gradient between 

intercellular spaces and the outside air. They reported that 

the transpiration rate at 90 per cent relative humidity was only 

one-third as great as it was at 45 per cent relative humidity. 

Light - Devlin {1966) stated that light occupied a prominent 

position among factors influencing transpiration because it had 

a dominating effect on stomatal opening. The stomates of plants 

exposed to light were open and allowed transpiration to proceed, 

while in darkness stomates were closed and transpiration essentially 

ceased. He reported that the effect of other environmental factors, 

such as temperature, wind, etc., was dependent on the presence of 

light. Salisbur,y and Ross (1969) were of the opinion that light 



influenced both leaf and air temperature. They reported that 

the minimum intensity of light for stomatal opening waa around 

100 to 300 foot candle (f.c.). They also pointed out the 

important role that chlorophyll and light played in stomatal 

opening. 

Wide variation among species in their responses to light 
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has been reported by Polster (1950). He found that on days with 

a cool, humid forenoon and a warm, d~ afternoon the shade species 

(e.g. Picea abies) had a higher rate of transpiration in the 

morning than in the afternoon, but the reverse was true of the 

Scots pine (Pinus sylvestris) normally found in the sun. Cloudy 

weather caused decreased stomatal opening of most species native 

to sunny habits and lowered the rate of transpiration (Wilson, 

1948). At the time of Wilson's work the mechanism of stomatal 

opening had not yet been made ver,y clear, but Salisbury and Ross 

(1969) were of the opinion that the energy of light was converted 

into chemical energy which was then used to move ions from the 

surrounding cells into the guard cells. This process, according 

to them, resulted in an increase in ionic concentration which would 

cause water to move osmotically into the guard cells which resulted 

in stomatal opening. 

:emperature - Devlin (1966) reported that, if all other factors 

were kept constant, an increase in temperature within a certain 

physiological range almost always increased the rate of trans

piration and this he said was due to the effect of temperature 



on stomatal opening and vapour pressure gradient. He also 

stated that an increase in temperature steepened the vapour 

pressure gradient between the internal atmosphere of the leaf 

and the surrounding atmosphere. Kramer (1959) reported that 

fleshy or relatively thick plant structures, when exposed to 

sunlight, often reached temperatures above that of the surround

ing air. Both low and high temperatures were also found to 

affect plant transpiration (Wilson, 1948). He reported that 

stomata generally closed at temperatures approaching 0 degrees 

C and increased in aperture with an increase in temperature up 

to about 30 to 35 degrees C. Salisbur.y and Ross (1969) reported 

that the main causes of temperature difference between the leaf 

and the air were the absorbed radiation, heat conversion, and 

transpiration. 

20 

Water deficit - Kramer (1959) reported that the lack of sufficient 

water could easily become the most important environmental factor 

because of the various effects of an internal water deficit. He 

found a rapid decrease in transpiration of plants in dr,ying soil. 

According to Pier~ !1!! (1966), an increase in the rate of 

transpiration caused a decrease in turgor pressure of the upper 

leaves. The degree of stress which would develop depended on the 

lag between transpiration and absorption. Under stress conditions, 

according to them, transpiration would be reduced. When the water 

deficit reached a critical value characteristic for the species, 

age, etc., turgor-induced changes in stomatal aperture occurred 



(Kete11apper, 1963). Werner (1954) observed the first signs of 

wilting in potatoes at relative turgidity levels of 32 to 83 

per cent. Data from greenhouse studies, (Garner and Ehlig, 1963), 

showed a sharp decline in relative transpiration rate at a 

characteristic leaf water potential for a particular species. 

Wind velocity -According to Devlin (1966), as well as Salisbury 

and Ross (1969), air in the immediate area of a transpiring 

surface became more concentrated with water vapour, and this 

lowered the vapour pressure gradient and decreased the rate of 

transpiration. The wind usually increased transpiration by 

removing water vapour from the vicinity of transpiring surfaces. 

They stated that wind might decrease transpiration by lowering 

the leaf temperature due to the cooling effect and winds of 

high velocity might possibly cause stomatal closure. According 

to Martin and Clements (1935), the decrease in transpiration 
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after an initial increase undoubtedly was caused by dehydration 

resulting from rapid transpiration. According to them, this probably 

operated through the combined effect of the drying of internal 

evaporating surfaces, closure of stomata, and dehydration of the 

cuticle although Stalfelt (1955) attached more importance to 

stomatal closure. 

Evapotranspiration 

Evaporation from plant community surfaces had been frequently 



termed evapotranspiration to signify the combined plant-soil 

nature of the evaporating surfaces (Slatyer, 1967). He stated 

evaporation from the soil and transpiration from plants might 

be basically similar processes and both plants and soil might 

be thought of as alternative paths which water followed on its 
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way to the surface from which it finally diffused into the air. 

According to him, plant species differed in such aspects as the 

time of the year when growth was made, rooting depth, top density, 

plant spacing, and plant height and because of these differences, 

the rate of evaporation differed. A dense pineapple crop with 

good soil-water conditions had a much smaller evaporation than 

did a dense grass grown under identical conditions (Ekern, 1965). 

He further reported that the difference was apparently due to the 

unique stomatal characteristics of the pineapple plant. Gates and 

Hanks (1967) reported a gradual increase in evapotranspiration 

from planting times to maturity, and after maturation evapotrans

piration generally decreased. 

Measurement of evapotranspiration 

tysimeter - Tanner (1967) described a lysimeter as a device in 

which a volume of soil covered with vegetation was located in a 

container to isolate it nydrologically from the surrounding soil. 

Salisbury and Ross (1969) used lysimeters in which large plants, 

or even groups of plants, were grown in large containers placed 

on an underground balance. According to them, this method was 



expensive, but fairly accurate. They pointed out that a less 

expensive approach was to place the lysimeter on a large plastic 

bag filled with fluid {water-antifreeze) which extended into a 

stand pipe at the surface. FUlton (1965) conducted experiments 

23 

for three consecutive seasons using floating lysimeters and reported 

that evapotranspiration from a potato crop and evaporation from 

bare soil could be measured. Tanner (1967) further reported that 

weighing lysimeters were necessary for daily or hourly measurements. 

According to him, the mechanical balance weighing systems with 

automatic readout have proven to be more reliable, whereas 

floating lysimeters were more economical than mechanical weighing 

lysimeters. 

Tent method - This method has been considered as an attempt to 

duplicate the closed chamber approach under field conditions 

(Salisbury and Ross, 1969)• A transparent tent or container was 

placed over a branch or even on entire plants and the air was 

passed through with humidity and volumes being monitored. Slatyer 

(1967) referred to this as a vapour flow method because the 

determination of changes in water vapour content of a measured 

air-stream passing through a large enclosure mounted over the 

section of the plant community was studied. According to them, 

the measurement of air flow rate and of changes in humidity 

presented little difficulty. Decker, !1 !l {1962) also used 

this method to measure evapotranspiration of undisturbed tamarisk 

shrubs by using circular pots containing shrubs up to 3.05 m. high. 



The shrubs were enclosed temporarily in frameless,transparent 

plastic tents that were ventilated at known rates. They used 

an infrared gas analyzer to measure absolute humidity of the 

inflow and outflow and the evapotranspiration rate was computed 

as humidity difference multiplied by ventilation rate. According 

to Salisbury and Ross (1969), one limitation was that no material 

yet used for such a tent was 100 per cent transparent to all 

wavelengths of radiation,and all material absorbed a certain 

proportion of the incoming and outgoing radiation. They further 

stated that this upset the radiation balance, which affected 

transpiration by influencing the leaf temperature and the stomatal 

opening. 

Effects of Water on Plant Growth 

According to Wadleigh (1946}, some of the differences 

regarding optimum moisture for plant growth were probably due 

to climatic conditions. He stated that as long as the rate of 

intake equalled or exceeded the rate of transpiration such 

external conditions as high humidity that reduced the rate of 

transpiration should enable the plant to continue rapid growth at 

fairly high tensions where the rate of water absorption was slow. 

He further mentioned that during periods of rapid transpiration 

plant tissues were partially depleted of water, wilting resulted, 

and the growth was retarded. Winneberger (1958) found that buds 

of the hardy pear ceased to grow and the growth of sunflower plants 



was reduced to about one-half of normal under conditions of 

high humidity. 

Bernstein (1955) reported that turgor, the distended 

condition of the plant cells, was necessary for continued plant 

growth , and a decrease in turgor or wilting resulted in 

retardation or inhibition of growth. He further reported that 

in severely wilted plants stomates were closed and photosynthesis 

was affected because the necessary exchange of gases with the 

surrounding air was impaired. Kramer (1959) also observed that 

severe water deficits caused wilting and reduced growth. He 

stated that the dwarfing effect of drought on plants was largely 

due to decreased cell enlargement and earlier cell maturation. 

This reduction of growth due to drought early in the season, 

according to him, could not be fully compensated by an adequate 

water supply later in the season. It was also reported by 

Shaw and Laing (1966) that a reduction in growth occurred due 

to water deficits and they went on to s~ that abundant soil 

water also inhibited plant growth in some cases. Russell (1950) 

reported that the total amount of water used by plants in a year 

depended on the periods at which crops made active growth. 

Bernstein (1955) and Leopold (1964) stated that water acted 

as an important ecological factor in photosynthesis through its 

control of stomatal opening and its effect on wilting. Bernstein 

further reported that water was one of the raw materials of photo

synthesis, being the substance which was acted upon in the presence 

of light to produce hydrogen, which, according to him, was the 
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basic reaction in the process of photosynthesis. 

In concurrent measurements of the two processes, photosynthesis 

and transpiration, Schneider and Childer (1941), as well as Hagan, 

~ !l (1957), showed that transpiration was affected before photo

synthesis due to water shortage. Schneider and Childer also 

reported an increase in respiration rate as the permanent wilting 

percentage was approached. According to Salter (1954), as well as 

Fulton and Murwin (1955), the growth rate of the vegetative organs 

was generally reported to be more sensitive to water deficits than 

the growth rate of the reproductive organs. Alderfer and Ranadhar 

(1966) stated that most of the vegetable crops were affected by 

severe soil moisture stress during any stage of growth, and this 

resulted in reduced yield and quality of produce. Wittmeyer (1972) 

pointed out that water at the right time and in proper amounts was 

one of the keys in achieving maximum yields. 

Snap Beans 

Effects of Water on Plant Growth 

\ihile working on the effect of dry soil conditions imposed 

at different growth stages, Dreibrodt (1952) reported that yields 

of plants which had suffered drought in early stages of growth 

were low even when adequate water was supplied later and suggested 

that some irreversible damage had occurred. In another experiment 

(1953) he observed that irrigation at the start of flowering and 

at the pod-set stage increased yield while irrigation at full bloom 



reduced yield. Krilghaum (1955) concluded that irrigation 

applied during the periods from germination until just before 

flowering had no effect on yield, but watering 10 days before 

and 10 days after flowering resulted in the highest increase 

in yield. On the contrary, Gabelman and Williams (1962) found 

that yield was reduced when little or no irrigation was given 

between sowing and the start of flowering. Salter and Goode 

(1967) in a comprehensive review pointed out that the differ

ences could possibly be explained on the basis of the available 

water capacity of the soils on which the experiments were 

conducted. 

Gabelman and Williams (1962) reported that, by applying 

only 1.25 centimeters (0.5 inches) of water at the start of 

flowering or applying 5 centimeters (2 inches) split between 
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the start of flowering and during fruit development, increased 

yields by up to 54 and 79 per cent, respectively, were obtained. 

This treatment resulted in more seeds per pod compared to controls. 

McMaster, !1 !l (1965) in their trials on beans applied irrigation 

water when either 40 or 60 per cent of the available water was 

depleted from the soil. They reported that, by giving the 

wetter treatment from planting time until flowering, the yield 

of seed was increased and that maturity was reached earlier 

than with the drier treatment. The lower moisture level from 

flowering to maturity also tended to hasten maturity, but at 

the expense of seed yield. 

From their trials on beans, Peev and Kolev (1964) reported 



that bean plants were most sensitive to excess soil moisture 

during bud formation. They also reported 35 per cent yield 

reduction when the soil surface was covered by two to three 

centimeters of water for two days and yield reduced to nil 

when submergence lasted for four days. They went on to state 

that flowering was another critical stage when excess water 

reduced the yield. Wittmeyer (1972) from his irrigation trials 

pointed out that water should be applied during certain critical 

periods when a high moisture level was needed for optimum yield. 

He reported that a critical moisture period for snap beans was 

just prior to blossoming and through pod development. Maurer, 

!1 al (1969) had also reported that snap bean plants were 

sensitive to soil water conditions and yield depended parti

cularly on adequate soil water during post-blossom stage. For 

maximum yields, however, irrigation was also of value during 

the pre-blossom stage if the possibility of even a moderate soil 

water stress existed. 

Plant growth and aevelopment 

According to Choudhury (1970), beans required a warm, frost

free climate and their seeding habit was normally unaffected by 

the length of the day (day neutral plants), however, some semi-

pole varieties were reported as short-day plants. He further 

stressed that seeds did not germinate in cold soil and·the plants 

dropped their blossom or pods in a ver.y hot or rainy season. He 
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observed slow seed germination at a soil temperature of 15.6 

degrees C (60 degrees F) and at lower temperatures rotting 

occurred in the ground. He reported that three or even more 

plantings of snap beans were made in most areas in order to 
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have a continuous harvest during the growing season. Ware and 

McCollum (1968) were of the opinion that shallow cultivation and 

hoeing should start as early as plants appeared above the ground 

and should be employed primarily to keep down and to destroy weeds. 

While reviewing Inane and Suzuki's work, Choudhury (1970) 

reported that a 30 per cent reduction in natural light caused a 

reduction in number of flowers, higher flower drop, and poorer 

pod setting. They obtained best pod set under 15 to 25 degrees 

C (50 to 77 degrees F) for four hours after pollination. The 

plants which were kept between lOand 45 degrees C (50 to 113 degrees 

F) for four hours before pollination set pods well, whereas the 

plants kept above and below these limits had no pod setting. 

According to Thompson (1949); Ware and McCollum (1968); and 

Choudhury (1970), beans could be grown on practically all types 

of soil; from light, sandy loam to heavy cl~. They reported 

highest yields from mildly acid soils (i.e. pH 5.3 to 5.8). High 

concentration of soluble aluminum and manganese was not found 

favourable for bean production and liming was not reported 

necessary when the pH was above 5.5 unless there was soluble 

aluminum and manganese present. 

Thompson (1949) reported that, because beans were a 

leguminous crop, phosphorus and potash were of greater importance 



than nitrogen in the plants development. Oldershow (1950) 

reported that phosphatic manures had the most beneficial effects 

on bean~yields. He further reported that a deficiency of phos

phate depressed growth, but an excess hastened maturity. He 

also stated that applications of potash accelerated growth of 

nodules and of fruits, as well as improving the overall quality 

of the produce. 

Nutrient requirement and fertilizer application: 
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It was reported (Russell, 1950) that plants, like all other 

organisms, have their tissues built out of carbohydrates, fats, 

proteins, and nucleoproteins. Hence the attainment or maintenance 

of a suitable level of productivity for a given crop depended upon 

provision of adequate levels of available essential plant nutrients 

in the soil at all times throughout the life of that plant. Lyon, 

et !l (1952), and Ochse, et al (1961) divided the nutrients into 

three groups on the basis of normal requirements: major elements-

nitrogen, phosphorus, and potassium; and secondary elements - calcium, 

chlorine, magnesium, and sulphur; and minor or trace elements - boron, 

copper, iron, manganese, molybidenum, and zinc. The major and 

secondary elements were required in relatively large amounts and 

minor or trace elements were required in very small quantities. 

Lyon, et al (1952) also reported that the concentrations of these 

essential nutrients had to be in balance with one another and an 

over supply of any one nutrient had proved to be just as harmful 
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as the shortage of it. They went on to say that one of the 

major objectives of using fertilizers was to achieve and maintain 

this balance. 

Russell (1950) pointed out that carbon dioxide and water were 

probably the only sourcesof carbon and hydrogen for most plants; 

ammonium and nitrate ions were an adequate source of nitrogen, 

but most leguminous plants (e.g. peas, beans) could fix some 

nitrogen from the air. The other elements were usually absorbed 

by plants through their roots in ionic form from the soil solution 

or directly from mineral or organic matter by contact exchange. 

Ware and McCollum (1968) pointed out that commercial fertilizers 

were added to the soil to increase the amount of nutrients avail

able to the plants and not to improve the physical condition of 

the soil. They further stressed that even ver,y fertile soil could 

not provide adequate amounts of nutrients for all types of vegetables& 

Thus, supplementary doses of commercial fertilizers were necessar,y 

to provide the limiting elements and to maintain a proper ratio 

of the nutrients for the particular crop being grown. 

According to Ware and McCollum (1968), beans may be placed 

in the group of vegetables least respo~sive to application of 

fertilizers. He recommended that application of fertilizer should 

be based upon the known requirements of the soil. When auch 

information was lacking, a moderate amount of a complete fertilizer 

high in phosphorus might be applied. They went on to say that 

excessive nitrogen should be avoided, since this element might 

promote vine growth at the expense of pod production. Nonnecke (1961) 
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also reported best yields from fairly fertile soils, as the 

richest soils showed a tendency to produce excessive vines at 

the expense of seed production. Sandsted (1969) reported that 

under most conditions 20 to 30 pounds of nitrogen per acre was 

sufficient and when the refuse from a previous non-legume crop 

was heavy, 30 to 40 pounds of nitrogen should be added to snap 

beans. 

McCool and Miller (1924) found that 25 bushels of beans 

(yield per acre) contained 60 pounds of nitrogen, 18 pounds of 

phosphoric acid and 19.5 pounds of potash. They went on to s~ 

that the fertilizer needs of a crop were not governed by such 

figures. They reported that most of the nitrogen so accumulated 

was mainly derived from the atmosphere and potash was almost never 

a limiting factor in soils used for beans. They, as well as 

Nonnecke (1961), reported that outstanding results could be 

obtained by the application of high phosphorus fertilizers. 

According to Standsted (1969), moderate amounts of banded 

fertilizer potassium from potassium chloride were required for 

high yields of snap beans. He recommended 50 pounds of potassium 

chloride per acre. He further reported that applying too much 

potassium chloride might be detrimental to yields. From their 

fertilizer trials, Standsted, et al (1971), recommended 20 pounds --
of nitrogen (N), 40 pounds of phosphorus (P2o5

) and 40 pounds of 

potash (K20) per acre for dry bean production. 

Russian workers Bebin and Sinkha (1971), reported that 

relative N (potash), P2o5 (phosphorus), and K2o (nitrogen) contents 



in plants of early-, mid and mediumly late-aea.son bean 

cultivars were almost the same, but changed regularly as the 

growth progressed. They reported that nitrogen and phosphorus 

contents decreased in the whole plant from the early to the late 

stages, but there was an increase in potassium towards the middle 

of the growing phases. They reported that amounts of potassium 

accumulated in leaves and stems prior to the formation of the 

reproductive organs, but later was translocated into them. They 

further found that requirements of all the major elements were 

maximum during the fruit formation and that early-, mid-, and 

mediumly late-season cultivars had different requirements. 
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MATERIALS AND METHODS 

Purpose and Location 

During the years 1972 and 1973, three identical experiments 

were carried out within the Department of Horticulture Science 

at the University of Saskatchewan, Saskatoon to determine the 

amount of transpiration per plant at different growth stages 

and to estimate total water usage (and plant growth response) 

by snap bean plants as influenced by two nutrient regimes. 

Experimental Design 

The experiments were set up according to a factorial, 

randomized block design. There were two fertilizer treatments 

and during the entire growing period of the plants eleven 

transpiration and growth measurements were recorded on six 

single plant replications at weekly intervals commencing on 

34 

the 18th d~ after sowing. In all, there were 132 pots per plant. 

Production of Experimental Plants 

Variety 

Foundation seed of the variety Contender was used in all 

these experiments. According to Seelig and Roberts (1960), this 
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variety is resistant to common bean mosaic and tolerant to 

powdery mildew. The medium green pods are normally 15 to 17.5 

centimeters (6 to 1 inches) long by about 1 centimeter (3/8 inch) 

wide, are often curved at the tips, and are fiberless and tender. 

The large buff or off-white seeds are lightly mottled with brown, 

and are kidney-shaped. This highly productive and early maturing 

variety is classed as a bush or dwarf green (oval-podded) type. 

Environmental conditions during the growing period 

The plants for all these experiments were grown in a 

growth chamber (Controlled Environments Ltd., Model No. P.G.W.-36) 

under controlled environmental conditions, i.e. 21 degrees C 

(70 degrees F) and a light intensity of 2,500 f.c. during the d~, 

15.6 degrees C (60 degrees F) during the night and 65 per cent 

relative humidity during the day and night. The d~ and night 

periods were of 12-hours duration, i.e. day from 8 a.m. to 8 p.m. 

and night from 8 p.m. to 8 a.m. 

Containers and soil mixture 

The containers for these experiments were 10-centimeter 

(4-inch) plastic pots (o.s. Plastic 10 B). Each pot had three 

holes in the bottom to allow drainage. Prior to filling the 

pots with soil mixture, a very thin layer of peat moss was put 

at the bottom of the pots to avoid any loss of the soil mixture 
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through the holes. Then 380 grams of the air-dry soil mixture 

was put in each container. 

The soil mixture used for all these experiments was in the 

ratio of 1 soil:l sand:l peat moss by volume. This was well mixed 

and a representative soil sample was taken for analysis. The 

initial soil mixture nutrient levels of the various experiments 

are given in Table 1. 

Fertilizer application 

No fertilizer was added to the one half of the soil (later 

referred to as Fl) before sowing, whereas the phosphorus level 

was raised to 26 ppm (calculated by weight) in the other half 

(later referred to as FO) by the use of potassium phosphate 

(KH2Po
4
). The very small amount was dissolved in water and 

sprinkled evenly over the pile of soil mixture. The soil was 

mixed very thoroughly and allowed to dry. 

The plants receiving no initial fertilizers (Fl) were fer

tilized with 20-20-20 dissolved in water at the rate of 28.34 

grams per 22.73 litres (one ounce per five gallons) of water and 

50 c.c. of this solution was supplied to each pot at three-week 

intervals, i.e. 32, 53 and 74 days after sowing. At the same 

time, 50 c.c. of water was given to the plants which did not 

receive any fertilizer solution. 
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Table 1. The nutrient status of the initial soil mixture 

for each experiment in parts per million (ppm). 

(Saskatchewan Soil Testing Laboratory). 

Material Experiment 1 Experiment 2 Experiment 3 

Organic matter Very high Medium Medium 

Lime Medium Traces Low 

Texture Sandy Gravelly loam Gravelly loam 

pH 6.2 6.3 6.8 

Salinity (m mhos/em) 1.1 1.3 0.8 

so4 
Cl 

NO -N 
3 30 28 18 

NaHC0
3
P 17 9 9 

NH40AC-K 165 255 180 
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Cultural practices 

After the pots were filled with air-dry soil mixture (380 

grams in each pot), they were then put in water to saturate the 

soil. When fully saturated, the pots were taken out of the water 

and allowed to drain. Two seeds were sown directly in each pot 

and the pots were placed in the growth chamber. Throughout the 

duration of the experiment the plants were watered at regular 

intervals and great care was taken to supply equal amounts of 

water to all plants. Four spare pots were kept for each of the 

two treatments to replace any seeds that did not germinate in 

time. Plants were thinned to one plant per pot when the first 

true leaf appeared. No weeds were allowed to grow in the pots. 

The dates on which the major cultural practices were carried 

out and other prominent observations were recorded are given in 

Table 2. 

Data Collection 

Measurement of transpiration 

In these experiments the weighing method was used for 

determining the amount of transpiration in a 24-hour period at 

weekly intervals. 

The soil of the randomly selected 12 pots (six from each 

fertilizer treatment) was saturated with water and any excess 



Table 2. Summary of dates of major operations and observations 

recorded in all experiments. 

Observations Experiment 1 Experiment 2 Experiment 3 

Sowing Oct. 3, 1972 Jan. 30, 1973 Me33 19, 1973 

Thinning Oct.l7, 1972 Feb. 11, 1973 June 1, 1973 

First transpir- Oct. 20, 1972 Feb. 16, 1973 June 5, 1973 

ation measure-

ment taken 

*First fertilizer Nov. 3, 1972 March 2, 1973 June 19, 1973 

application 

Flowering Nov.lO, 1972 March 11, 1973 June 27, 1973 

First pod Nov.l3, 1972 March 13, 1973 June 29, 1973 

appearance 

*Second fertilizer Nov.24, 1972 March 23, 1973 July 11, 1973 

application 

*Third fertilizer Dec.l5, 1972 April 13, 1973 July 31, 1973 

application 

Final transpir- Dec.29, 1972 April 27, 1973 Aug. 14, 1973 

ation measure-

ment taken 

39 

*50 c.c. of fertilizer solution (20-20-20 fertilizer at the rate of 

one ounce per five gallons of water) per plant. 
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water was allowed to drain for about one hour. These pots were 

then taken out of the growth chamber, one plant at a time, placed 

in individual white polyethylene bags (three pound capacity), and 

tied around the stem with twist-ems. Care was taken to keep the 

maximum length of stem out of the polyethylene bag and to avoid 

any kind of injury to the stem during the operation. This was 

then perfectly sealed using "Petal Dip". Sealing with "Petal Dip" 

between polyethylene and stem was done to avoid any loss of water 

from the soil surface. The sealed plants were then weighed and 

the weight and time was recorded. After weighing, the plant was 

placed back in the growth chamber in its original location. After 

24 hours each plant was taken out of the growth chamber at the 

specific time, weighed and then harvested. The difference in the 

initial weight and its weight after 24 hours was recorded as the 

amount of water transpired by the plant during that period. 

Measurement of plant growth 

The plants were harvested and their leaves, pods, roots, and 

stems were separated. The plant roots were collected by a washing 

process and then they were surface-dried by using paper towels. 

The different plant parts were weighed separately and the total 

weight was calculated from the weights of leaves, pods, roots, and 

stems. 

The dry weight of the various plant parts was obtained after 

oven-drying for a 24-hour period at 75 degrees C (167 degrees F). 



Method of Statistical Analysis 

The data on transpiration per plant, transpiration rates 

in grams of water per gram of plant tissue (fresh and dr.y) 

and an increase or decrease in the fresh, as well as the dry 

weight of the total plant and various plant parts at weekly 

intervals, were tested between the fertilizer treatments by 

analysis of variance. The estimated total water usage per 

plant was analysed to establish the relationship with plant 

growth by the use of the linear correlation method. 
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RESULTS AND DISCUSSION 

Plant Growth and Development 

The growth and development of the snapbeans in the three 

experiments will be discussed separately. 

Experiment 1 

A summary of the total plant weight, as well as the weight 

of selected plant parts, is presented in Tables 3 and 4• The 

statistical significances between the two fertilizer regimes at 

any specific time are indicated under the average weight values. 
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According to the results presented in Table 3, as well as 

Figure 1 1 increases in the total fresh weight of the plants 

receiving the split applications of fertilizer (Fl) were observed 

with each increment of plant age up to 60 d~s after sowing. A 

slow decrease in fresh weight of these plants was recorded from 

60 to 81 days and a sharp decline from 81 to 88 d~s. This decline 

was possibly due to pod maturation and loss of some leaves as the 

plant neared senescence. The increases in the total dr.y weight of 

the plants (Table 4 and Figure 2) were relatively uniform from 18 

to 46 d~s, but greater increases were recorded from 46 to 81 days. 

Very little increase in total dry weight of the plants was recorded 

from 81 to 88 d~s {Figure 2). 



("(') I'able 3. Grams of fresh weight of the total plant and selected plant parts grown at two fertilizer ~ 

regimes under growth chamber conditions as well as grams of water loss through transpiration 

in a 24-hour period (Experiment 1). 

Days After Sowing Total Fresh Wt. of the Plant Fresh Wt. of Leaves Fresh Wt. of Pods 'l'ranspiration 

Fl FO Fl FO Fl FO Fl FO 

18 7.20 X 5-30 2.78 X 2.10 - - 8.03 N.S. 8.46 

25 9-65 N.S. 10.08 3.65 N.S. 3.60 - - 13.05 N.S. 14.45 

32 10.95 N.S. 10.65 4.23 N.S. 4.28 - - 9.76 N.S. 11.93 

39 13.88 N.S. 12.25 5.66 N.S. 5.11 - - 17.83 X 10.30 

46 16.88 X 13.53 5.08 N.S. 4-50 2.78 XX 0.96 20.36 X 13.05 

53 27-56 N.S. 22.05 5-25 N.S. 4-73 12.53 XX 7-78 18.13 XX 10.95 

60 31.80 X 23.66 5·45 N.S. 3.85 15.51 X 11.08 23.51 XX 9.66 

67 31.40 N.S. 28.51 5-38 XX 3-93 16.40 N.s. 14.00 16.83 X 8.15 

74 29.10 N.S. 27.28 4.85 X 3.88 14.70 N.S. 13.55 14.43 XX 6.83 

81 27.66 X 23.01 4.28 X 3.48 13.83 X 10.75 15-46 XX 6.53 

88 19.30 X 15.51 3.63 N.S. 3.11 7.66 X 4·70 7.83 X 4-30 

N.S. = No significant difference Fl = Split fertilizer application 

X = 5% level of significance FO = Fertilized only at sowing time 

XX = 1% level of significance 



~ Table 4• Grams of dry weight of the total plant and selected plant parts grown at two fertilizer 
<o;;j-

regimes under growth chamber conditions as well as grams of water loss through transpiration 

in a 24-hour period (Experiment 1). 

Days After Sowing Total Dry Wt. of the Plant Dry Wt. of Leaves Dry Wt. of Pods Transpiration 

Fl FO Fl FO Fl FO Fl FO 

18 0.893 XX 0.580 0.453 X 0.309 - - 8.03 N.S. 8.46 

25 1.~37 N.S. 1.222 0.626 N.S. 0.598 - - 13.05 N.S. 14.45 

32 1.691 u.s. 1.637 0.863 N.S. 0.823 - - 9.76 N.s. 11.93 

39 2.067 N.S. 1.937 1.033 N.S. 0.947 - - 17.83 X 10.30 

46 2.414 N.s. 2.098 0.963 N.S. 0.835 0.269 XX 0.113 20.36 X 13.05 

53 3.211 N.s. 2.768 0.970 N.S. 0.817 0.978 XX 0.633 18.13 XX 10.95 

60 3-976 XX 2.978 0.980 N.S. 0.726 1.464 X 0.912 23-51 XX 9.66 

67 5.056 N.S. 4-252 0.896 N.S. 0.941 2.906 XX 0.802 16.83 X 8.15 

75 5.327 N.S. 4.887 0.749 N.S. 0.622 3.490 N.S.3.161 14.43 XX 6.83 

81 6.145 X 4-932 0.777 X 0.571 4,198 N.S.3.248 15-46 XX 6.53 

88 6.168 N.S. 5.20 0.665 N.S. 0.553 4.303 N.S.3.610 7-83 X 4-30 

N.S. = No significant difference Fl = Split fertilizer application 

X = 5% level of significance FD = Fertilized only at sowing time 

XX = 1% level of significance 
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Figure 1: Fresh weight of the total plant and selected plant parts 

as well as the transpiration per plant during a 24-hour 

period at weekly intervals {Experiment 1, Tr. F'l). 
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The results regarding the fresh and dr,y weight of the 

leaves for the plants receiving the split applications of 

fertilizer showed a similar pattern (Figures 1 and 2). Increases 

in the fresh and dry weight of the leaves were recorded up to 39 

days. After that, small increases or decreases in fresh and dry 

weight were recorded until the final observation was taken. 

The observations recorded for the fresh weight of the pods 

showed sharp increases from 46 to 60 days. However, a small 

increase in the fresh weight of pods continued until 67 days and 

after that a decrease in weight was recorded until the 88th day. 

This decrease in fresh weight of pods after 67 days was thought 

to be due to loss of water during pod maturation. Dry weight of 

pods showed marked increments from 46 to 81 days after sowing 

(Table 4 and Figure 2). Results indicate that from 46 to 88 days 

the weight of pods (fresh and dry) contributed much towards the 

total plant weight (Tables 3 and 4, and Figures 1 and 2). 

With plants that received fertilizer only in the beginning 

(FO), the results (Table 3 and Figure 3) showed marked increases 

in the total fresh weight from 18 to 25 and from 46 to 67 days after 

sowing. The initial sharp increase up to 25 days was thought to be 

mainly due to vegetative growth (leaves, roots and stems) as a 

result of the original fertilizer, but which slowed down as plants 

showed some nutrient deficiency symptoms 32 days after sowing. 

The increments in total fresh weight between 46 to 67 days were 

obviously due to pod development. The maximum total fresh weight in 

these plants (F6) was recorded one week later than the plants 
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Figure 3: Fresh weight of the total plant and selected plant parts 

as well as the transpiration per plant during a 24-hour 

period at weekly intervals (Experiment 1, Tr. FO). 



receiving the split application of fertilizer, but maximum 

fresh weight of leaves and pods, however, was recorded at the 

same growth stages (at 39 and 67 days respectively) for both 

treatments. 

The magnitude of total fresh and dry weight of the plants 
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was higher in plants receiving the split application of fertilizer 

(Fl), but the growth pattern (fresh weight of total plant, leaves, 

and pods) looked somewhat similar (Tables 3 and 4, Figures 1 to 4). 

In the plants receiving only the original application of fertilizer 

(FO) the fresh weight of pods was found to be significantly lower 

at all growth stages except at 67 to 74 days(Table 3), but the 

dry weight of the pods was found to be significantly lower from 

46 to 60 days and after that non-significant differences were 

recorded (Tables 3 and 4). 

From his trials with cabbage and potato plants Hwang (1970) 

concluded that the whole growing period of these vegetable crops 

could be divided"into four growth stages. From the growth pattern 

of snap bean plants observed in this experiment, the whole growing 

period can also arbitrarily be divided into four growth stages: 

1. vegetative growth stage, marked by an increase in plant 

height, leaf expansion and increase in number of leaves 

(up to 32 days), 

2. flower initiation stage, marked by flower initiation and 

appearance of small pods (32 to 46 days), 

3. pod development stage, marked by an increase in the size 

of pods and hardening of pods (46 to 74 days), and 
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as well as the transpiration per plant during a 24-hour 
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4. pod ripening stage followed by plant senescence, marked 

b3 change in color of poda, decrease in fresh weight, 
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dry weight of plant and shedding of leaves (after 74 days). 

~~periment 2 

The data for Experiment 2 are presented in Tables 5 and 6. 

It is apparent from Tables 5 and 6 and Figures 5 to 8, that the 

plants in the second experiment were less vigorous than the first 

experiment. This could possibly be due to a lower nutrient level 

of the soil mixture used for this experiment (Table 1). It should 

also be noted that the growth chamber went out-of-order for two 

d~s (i.e. 13 days after sowing) and the d~time temperature 

which rose to 29 degrees C (85 degrees F) during that period 

may have caused some heat injury to the plants. The results 

obtained in this experiment were not found in complete agreement 

with the results obtained during the first experiment. 

The maximum fresh weight of total plant in this experiment 

was recorded at 67 days (Figure 5) compared to 60 days in the 

first experiment (Figure 1) for the plants receiving the split 

application of fertilizer (Fl). Maximum fresh weight of pods 

was recorded one week earlier in this experiment, however, the 

maximum fresh weight of leaves was recorded at the same time 

(39 days after sowing). 

The plants that received fertilizer only in the beginning 

(FO) showed quite varied trends (Tables 5 and 6, as well as 



C\J · Table 5· Grams of fresh weight of the total plant and selected plant parts grown at two fertilizer t.r'\ 

regimes under growth chamber conditions as well as grams of water loss through transpiration 

in a 24-hour period (Experiment 2). 

Days After Sowing Total Fresh Wt. of the Plant Fresh Wt. of Leaves Fresh Wt. of Pods Transpiration 

Fl FO Fl FO Fl FO Fl FO 

18 5·93 N.S. 5.50 2.25 N.S. 2.31 - - 6.73 N.s. 8.41 

25 8.21 X 10.43 2.96 X 3.96 - - 7·55 XX 13.40 

32 10.20 X 12.23 3.91 N.S. 4.80 - - 7.28 XX 12.03 

39 13.51 N.S. 13.61 5·33 N.S. 5·45 - - 11.18 X 8.86 

46 16.01 N.S. 15.70 5.23 N.S. 5.10 0.98 N.s. 0.75 12.80 XX 6.58 

53 18.36 N.s. 17.78 4.11 N.S. 3.06 4.31 X 2.81 8.60 XX 4-46 

60 25.38 XX 16.26 2.98 XX 1.75 10.91 XX 4.28 11.60 X 3.40 

67 24.20 XX 18.23 3.23 XX 1.75 10.46 XX 5.40 14.38 X 10.06 

74 22.68 XX 17.88 3.96 X 1.86 6.68 N.s. 5.06 11.93 N.s. 8.25 

81 22.46 XX 17.20 2.98 N.S. 2.50 6.63 XX 3.20 12.60 X 6.93 

88 21.28 N.S. 17.78 2.81 N.S. 2.26 6.50 XX 3.78 7.75 N.s. 4·50 

N.S. = No significant difference Fl = Split fertilizer application 

X = 5% level of significance FO = Fertilized only at sowing time 

XX = 1% level of significance 
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tr\ Table 6. Grams of dry weight of the total plant and selected plant parts grown at two fertilizer 

regimes under growth chamber conditions as well as grams of water loss through transpiration 

in a 24-hour period (Experiment 2). 

D~s After Sowing Total Dry Wt. of the Plant Dry Wt. of Leaves Dry Wt. of Pods Transpiration 

18 0.612 N.S. 0.594 0.338 N.s. 0.351 - - 6.73 N.S. 8.41 

25 0.974 X 1.264 0.517 N.s. 0.696 - - 7·55 XX 13.40 

32 1.398 X 1.656 · 0.792 N.s. 0.956 - - 7.28 XX 12.03 

39 1.996 N.S. 2.020 1.095 N.s. 1.124 - - 11.18 X 8.86 

46 2.488 N.S. 2.320 1.179 N.S. 0.994 0.138 X 0.110 12.80 XX 6.58 

53 2.444 N.S. 2.203 o.691 N.s. 0.508 0.482 X 0.248 8.60 XX 4.46 

60 2.781 XX 1.747 0.490 XX 0.146 0.834 XX 0.322 11.60 X 3.40 

67 3.049 XX 2.084 0.586 X 0.321 1.146 XX 0.430 14.38 X 10.06 

74 3.323 XX 2.092 0.729 X 0.334 1.144 XX 0.168 11.93 N.S. 8.25 

81 3.561 XX 0.604 o.604 N.s. 0.506 1.524 XX 0.435 12.60 X 6.93 

88 4.042 XX 0.512 0.512 N.S. 0.419 2.220 XX 0.763 7.75 N.S. 4.50 

N.S. = No significant difference Fl = Split fertilizer application 

X· = 5% level of significance FO = Fertilized only at sowing time 

XX = 1% level of significance 
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Figure 5: Fresh weight of the total plant and selected plant parts 

as well as the transpiration per plant during a 24-hour 

period at weekly intervals (Experiment 2, Tr. Fl). 
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as well as the transpiration per plant during a 24-hour 

period at weekly intervals (Experiment 2, Tr. F'l). 
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Figures 7 and 8), but some observations, i.e. maximum fresh 

weight of leaves (at 39 days) and maximum total fresh weight 

(at 67 days), were recorded at the same time (Table 5 and 

Figure 7) as the plants receiving the split application of 

fertilizer. Irrespective of the fertilizer levels, shedding 

of leaves and subsequent regrowth was noticed in all plants 
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in this experiment, but leaf shedding was greater with plants 

receiving fertilizer only in the beginning (FO). Due to regrowth 

of leaves after the 60th day, an increase in weight of leaves 

(fresh and dry) and total fresh weight of plants was recorded 

at the 67th-day stage. 

In this experiment the fresh weight of pods on the plants 

receiving the split application of fertilizer (Fl) was signifi

cantly higher from 53 to 67 days and from 81 to 88 days after 

sowing than the non-fertilized ones (Table 5). The dry weight of 

the pods, however, was found to be significantly higher at all 

stages of their development (Table 6). 

Experiment 3 

The results for this experiment presented in Tables 7 and 8 

indicate that plants in this experiment were also not as vigorous as in 

the first experiment, but were more like the second experiment. It 

should be noted that in this experiment the growth chamber went out 

of order for one d~ at 30 days after sowing. 
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Figure 7: Fresh weight of total plant and selected plant parts 

as well as the transpiration per plant during a 24-hour 

period at weekly intervals (Experiment 2, Tr. FO). 
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as well as the transpiration per plant during a 

24-hour period at weekly intervals (Experiment 2, Tr. FO). 



59 

26 26 
G---o--• Transpiration 

24 
0 • Cl Total plant 24 

• .., • Leaves 
22 22 

• • • Pods 
U'J 

20 20 ~ 
0 

..t:: 
18 18 ~ 

N 

~ 
16 16 <1> 

+» 
tO n3 

~ :t 

so 14 14 c.. .. 
0 

~ 1'\ C1l ...... 12 A 
I ' 12 ~ 

+» // \ M 

fa I 
., 

tiD 

', I ' /'\ ...... 10 10 t! 
C1) " ' / \\ 

...... 
:J: I '-/ s::: I \ 0 

8 I \, 8 ...... 
+» ct.... m 

'"-o---" H ...... 
6 6 ~ 

U'J 

§ 
4 4 r.. 

8 

2 2 

0 0 

18 25 32 39 46 53 60 67 74 81 88 

Figure 9: Fresh weight of the total plant and selected plant parts 

as well as the transpiration per plant during a 24-hour 

period at weekly intervals (Experiment 3, Tr. Fl). 
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period at weekly intervals (Experiment 3, Tr. Fl). 
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The results obtained in this experiment do not exactly tally 

with either of the first two experiments, but some similarities 

between them have been observed. Like the second experiment, the 

maximum fresh weight of pods for the plants receiving the split 

application of fertilizer (Fl) was recorded at the 60th d~, and 

the maximum fresh weight of leaves in all experiments was recorded 

at the 39th day after sowing (Figures 1, 5 and 9). The maximum 

dry weight of leaves in this experiment (Figure 10) was also 

recorded at the 39th d~, as earlier observed for the first 

experiment (Figure 2). Like the second experiment, leaf drop, 

which was not as severe, was observed and the delayed regrowth 

did not yield maximum total plant fresh weight until the 74th 

day in either fertilizer regimes (Table 7). 

Irrespective of the differences (increases or decreases) in 

fresh or dry weight of the total plant and plant parts at differ

ent stages in the second and third experiment (Tables 5 to 12), 

the arbitrary growth stages, as described earlier for the first 

experiment, can be recognized. 

Plant Transpiration 

Experiment 1 

When Figures 1 and 3 are considered, it is obvious that the 

use of a split fertilizer program (Fl) increased the amount and 

changed the pattern of transpiration. When the plants received 

only the initial fertilization (FO), the early increases, as 



(\J Table 7• Grams of fresh weight of the total plant and selected plant parts grown at two fertilizer \,:) 

regimes under growth chamber conditions as well as grams of water loss through transpiration 

in a 24-hour period (Experiment 3). 

Days After Sowing Total Fresh Wt. of the Plant Fresh Wt. of Leaves Fresh Wt. of Pods Transpiration 

Fl FO Fl FO Fl FO Fl FO 

18 8.20 N.s. 7·55 3.00 N.S. 2.95 - - 7.68 N.S. 8.23 

25 9.78 N.s. 10.41 3.65 N.S. 3.86 - - 6.83 N.S. 8.51 

32 11.83 N.s. 13.21 4.51 N.s. 4·95 - - 7.13 N.S. 7.48 

39 15.51 X 14.23 1.00 XX 5.80 - - 11.05 XX 3.98 

46 15.16 N.s. 13.45 4.66 X 3.40 1.66 XX 0.66 12.60 X 5.68 

53 17.90 N.s. 14.51 2.53 N.S. 1.76 4.76 X 2.31 9.83 X 4-70 

60 21.05 XX 13.00 2.23 N.S. 1.61 8.78 XX 1.45 13.56 X 5.11 

67 22.03 N.s. 20.18 2.26 N.s. 1.55 6.98 N.s. 6.18 10.45 XX 4.61 

74 24.51 N.s. 20.51 2.56 N.S. 1.90 8.46 N.S. 5·78 8.88 N.S. 5.76 

81 19.71 N.s. 18.41 2.51 N.S. 1.91 6.11 N.s. 5·70 11.05 XX 4.68 

88 21.73 X 16.25 2.86 XX 0.93 5-40 N.S. 4e30 7-50 X 3-73 

N.S. = No significant difference Fl = Split fertilizer application 

X = 5% level of significance FO = Fertilized only at sowing time 

XX = 1% level of significance 



("I') Table 8. Grams of dry weight of the total plant and selected plant parts grown at two fertilizer 
\0 

regimes under growth chamber conditions as well as grams of water loss through transpiration 

in a 24-hour period (Experiment 3). 

Days After Sowing Total Dry Wt. of the Plant Dry Wt. of Leaves Dry Wt. of Pods Transpiration 

Fl FO Fl FO Fl FO Fl FO 

18 0.924 N.S. 0.854 0.535 N.S. 0.498 - - 7.68 N.S. 8.23 

25 1.318 N.s. 1.433 0.735 N.S. 0.811 - - 6.83 N.s. 8.51 

32 1.869 N.S. 2.075 0.990 N.s. 1.097 - - 7.13 N.s. 7.48 

39 2.666 N.s. 2.391 1.457 X 1.211 - - 11.05 XX 3.98 

46 2.554 N.S. 2.193 1.027 XX 0.691 0.202 XX 0.095 12.60 X 9.68 

53 2.658 X 2.137 0.594 N.s. 0.403 0.447 X 0.235 9.83 X 4-10 

60 2.679 XX 1.713 0.317 N.S. 0.270 0.704 XX 0.130 13.56 X 5.11 

67 2.504 N.s. 2.205 0.374 N.S. 0.259 0.614 N.s. 0.475 10.45 XX 4.61 

74 2.974 N.s. 2.399 0.461 N.S. 0.377 0.976 N.s. 0.647 8.88 N.S. 5.76 

81 2.801 N.S. 2.275 o.618 N.s. 0.336 0.741 N.S. 0.750 11.05 XX 4.68 

88 4.104 XX 2.045 0.696 XX 0.205 1.350 N.s. 0.694 7-50 X 3-73 

N.S. = No significant difference Fl = Split fertilizer application 

X = 5% level of significance FO = Fertilized only at sowing time 

XX • 1% level of significance 
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Figure 11: Fresh weight of total plant and selected plant parts as 

well as the transpiration per plant during a 24-hour 

period at weekly intervals (Experiment 3, Tr. FO). 
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observed by Hwang (1970) for cabbage and potatoes, was obviously 

due to vigorous young seedling growth (Figure 3). There was an 

apparent decline in transpiration during the flower initiation 

and early blossom stage, as previously observed by Nelson (1971). 
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Although there was a slight increase in transpiration in the 

early pod development stage, this lasted a very short time and was 

followed by a steady decline until the end of the experiment. On 

the other hand, when the split application of fertilizer (Fl) was 

used, it is obvious that transpiration was increased after each 

application (Figure 1). The effects were most noticeable in the 

first application (32 days after sowing) when the observed depression 

in transpiration at flower initiation was checked and increased 

transpiration amounts followed for two weeks. With the second 

(53 days after sowing) and third (74 days after sowing) applications 

the effect lasted only one week and was considerably less in the 

last application. 

The highest amount of transpiration with the split application 

was 23.51 grams at the 60th day compared to 14.45 grams at the 25th 

day with the plants receiving fertilizer only at the start. 

Experiment 2 

From the results it is apparent that the split application 

of fertilizer (Fl) increased the amount and changed the pattern 

of transpiration somewhat similar to that found in the first 

experiment (Figure 5). The effect of the second application 



(53 days after sowing) in this experiment, however, lasted for 

two weeks possibly due to an increase in amount of transpiration 

as a result of plant regrowth at that stage. 

The plants receiving only the initial fertilization (FO) 

showed a similar early increase in the amount of transpiration 

due to rapid seedling growth similar to the first experiment. 

The decline in transpiration during the flower initiation and 

early blossom stage was not checked at early pod development 

stag~as found earlier. The steady decline in transpiration, 

possibly due to lack of vigor,and leaf loss was observed until 

the 60th day when regrowth caused an increase in transpiration 

for a short period. 

The plants in this experiment were less vigorous compared 

I/( 

to the first experiment and the highest amount of transpiration 

with the plants receiving the split application of fertilizer (Fl) 

was 14.3 grams at the 67th day compared to 13.4 grams at the 25th 

day with the plants receiving fertilizer only at the start (FU). 

Experiment 3 

The split application of fertilizer (Fl) in this experiment 

also changed the pattern of the plant transpiratio~ as in the 

first experiment, but the magnitude of effect from the fertilizer 

application was not as great (Figure 9). The plants receiving 

only initial fertilization showed some similarities to the first 

two experiments (Figure 11). The initial increase in transpiration 



due to seedling growth was followed by a decline during flower 

initiation and early blossom stage which was checked, and a 

slight increase in transpiration in the early pod development 

stage which lasted only one week was recorded as in the first 

experiment. An increase in transpiration due to plant regrowth 

after the 67th day also lasted only for one week and was followed 

by a stea~ decline. 

The plants in this experiment were less vigorous than the 

first two experiments and the highest amount of transpiration with 

the split application (Fl) was 13.56 grams at the 60th day compared 

to 8.51 grams at the 25th day with the plants receiving fertilizer 

only at the start (FO). 

Transpiration Rates per Gram of Plant Weight 

Experiment 1 

As shown in Figure 13, maximum transpiration rate per gram 

of total weight occurred early in the plant development at either 

18 or 25 days. The same was found (Table 9) when transpiration 

rate was based on either the fresh or dry weight of the leaves 

with the plants receiving fertilizer only at the start (FO). 

With the split application of fertilizer (Fl), however, the 

maximum rate per gram of fresh or dry weight of the leaves was 

at 60 days (Table 9). The reason for this is not apparent, 

but must be associated with the better health of the plants 
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Table 9. Transpiration rates in grams of water per gram of snap bean plant tissue during a 24-hour period in 

growth chamber (Experiment 1). 

D~s After Sowing Fresh Wt. Fresh Wt. of Fresh Wt. of Dry Wt. Total Dry Wt. Leaves Dry Wt. of Pods 
Total Plant Leaves Pods Plant 

Fl FO Fl FO Fl FO Fl .F'O Fl FO Fl FO 

13 1.14 X 1.60 2.97 X 4-01 - - 9.08 XX 7.06 18.89 XX 27.33 

25 1.36 N.s. 1.39 3.59 N.S. 4.16 - - 10.67 N.S.l2.41 21.22 N.s. 25.73 

32 0.90 N.s. 1.12 2.39 N.S. 2.80 - - 5·97 N.S. 7.26 11.78 N.s. 14.49 

39 1.30 N.S. 0.84 3.14 X 2.02 - - 8.79 X 5-30 17.39 X 10.90 

46 1.18 N.S. 0.96 3.92 X 2.96 1·13 XX 13.55 8.27 X 6.27 20.73 X 15.80 77-47 XX 115.5 

53 o.65 N.s. 0.54 3.52 N.S. 2.48 1.46 N.S. 1.67 5.73 N.S. 4.25 19.00 N.s. 14.76 18.74 N.S. 20.0 

60 0.75 N.S. 0.41 4.70 N.s. 2.79 1.60 X 0.91 5-98 X 3·34 25.53 X 13.02 17.29 X 10.2 1 

67 0.53 X 0.29 3.12 N.S. 2.19 1.02 N.S. 0.62 3.30 X 1.96 18.80 XX 8.85 5.79 N.s. 4.8. 

74 0.49 XX 0.24 2.98 XX 1.81 0.98 XX 0.52 2.71 XX 1.44 19.40 X 12.(30 4·15 XX 2.2 

81 0.56 X 0.28 3.61 XX 1.91 1.14 XX 0.62 2.56 XX 1.32 20.02 XX 13.54 3.86 XX 2.0. 

88 0.39 X 0.27 2.22 N.S. 1.37 1.03 I.S. 0.92 1.30 N.S. 0.84 12.24 N.s. 7.82 1.97 N.s. 1.2: 

N.S. = ~o significant difference Fl = Split fertilizer application 

X = 5~ level of significance FO = Fertilized only at sowing time 

X... X = 1% level of significance 



and the fertilizer stimulus at that time. It is obvious from 

the data (Table 9) that transpiration rates per gram of tissue 

wereaffected by the split application of fertilizer (Fl) with 

an upward, but diminishing trend, after each fertilizer appli

cation similar to that found when amounts of transpiration were 

considered. Likewise, the rate-of-transpiration pattern for 

those plants receiving fertilizer only at the start of the 

experiment (FO) was similar to the amount of transpiration 

with an increase during the young pod development stage. When 

total plant weights are considered, there is a sharp downward 
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trend in rate of transpiration per gram of plant tissue (Figure 13), 

but much of this is likely due to the contribution of the pods to 

the overall weight while contributing little to transpiration. 

Although the transpiration of other plant parts cannot be separated, 

the rate of total transpiration per unit of leaf tissue did not 

decline nearly as fast (Table 9), especially with the split 

fertilizer ~pplication (Fl). 

Experiment 2 

It is apparent from the results (Table 10 and Figure 14) 

that the maximum transpiration per gram of plant tissue occurred 

at 18 days when total fresh and dry weight of both fertilizer 

regimes were considered. Maximum transpiration rates for the 

fresh and dry weight of leaves in both fertilizer regimes (Table 10), 

however, occurred at 67 days because of regrowth. A sharper decline 
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Table 10. Transpiration rates in grams of water per gram of snap bean plant tissue during a 24-hour period in 

growth chamber (Experiment 2). 

Days After Sowing Fresh Wt. Fresh Wt. of Fresh Wt. of Dry Wt. Total Dry Wt. Leaves Dry Wt. of Pods 
Total Plant Leaves Pods Plant 

Fl FO Fl FO Fl FO Fl FO Fl FO Fl FO 

18 1.13 N.s. 1.37 2.99 N.S. 3.64 - - 10.95 N.S. 14.20 19.81 N.S. 24.42 

25 0.89 XX 1.28 2.50 XX 3.39 - - 7.64 XX 10.73 14.47 XX 19.62 

32 0.71 XX 0.98 1.91 X 2.52 - - 5·29 XX 7.25 9·55 X 12.64 

39 0.82 X 0.64 2.11 N.S. 1.74 - - 5.63 N.S. 4.43 10.30 N.s. 7.96 

46 o.8o XX 0.48 2.48 XX 1.30 13.43 X 8.69 5.19 XX 2.85 11.04 XX 6.51 92.94 XX 58.97 

53 0.46 XX 0.24 1.98 N.S. 1.74 2.09 N.s. 1.58 3.56 XX 1.97 13.87 N.S. 11.36 21.14 N.S. 17.82 

60 0.45 X 0.20 3.94 N.s. 3.74 1.04 H.S. 0.84 4.15 N.S. 1.95 25.28 N.S. 25.48 13.79 N.S. 11.17 

67 0.58 N.S. 0.54 4.76 N.S. 5.84 1. 36 ~1. s. 1. 92 4.76 N.s. 4.84 27.37 N.S. 33.96 12.82 X 23.87 

74 0.52 N.S. 0.44 3.33 N.S. 5.31 1.93 N.S. 1.64 3.63 N.S. 3.80 18.30 N.S. 30.44 10.71 X 18.01 

81 0.54 N.S. 0.39 4.15 N.S. 3.06 1.95 N.S. 2.64 3.46 N.S. 3.00 20.86 N.S. 16.53 8.6o N.s. 23.20 

88 0.35 N.S. 0.24 3.02 N.S. 2.00 1.18 N.S. 1.18 1.83 N.s. 1.77 17.63 N.S. 11.05 3.40 N.s. 6.32 

N.S. = No significant difference Fl = Split fertilizer application 

X = 5% level of significance FO = Fertilized only at sowing time 

XX = 1% level of significance 



in the rate of transpiration than found in the first experi

ment was recorded at early growth stages in both fertilizer 

regimes. This was most probably caused by the growth chamber 

breakdown. The split application of fertilizer (Fl) brought 

about similar upward trend~as previously recorded for the 

first experiment, but were of less magnitude. On the other 

hand, the rate-of-transpiration pattern for those plants 

receiving fertilizer only at the start of the experiment (FO) 

was different and no upward trend was found at the early pod 

development stage. 

Experiment 3 

74 

The results indicate that like the second experiment, the 

maximum transpiration rate per gram of the plant tissue occurred 

at 18 d~s when the total fresh and dry weight in both fertilizer 

regimes are considered (Table 11 and Figure 15). When transpir

ation per unit of leaf weight was considered, however, maximum 

rates were in the late stages (60 to 88 d~s) because of leaf 

drop and regrowth. As in the first experiment, the split 

applications of fertilizer (Fl) stimulated the rate of trans

piration and there was a slight stimulation at the early pod 

development stage in the plants receiving fertilizer only at 

the start (FO), but again the magnitude of the effect was less. 
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Table 11. Transpiration rates in grams of water per gram of snap bean plant tissue during a 24-hour period in 

growth chamber (Experiment 3). 

Days After Sowing Fresh Wt. Fresh Wt. of Fresh ~it. of Dry Wt. Total Dry Wt. Leaves Dry tit. of Pods 
Total Plant Leaves Pods Plant 

Fl FO Fl FO Fl }1""'() F'l FO Fl FO Fl FO 

18 0.94 N.S. 1.09 2.57 N.S. 2.76 - - 8.54 N.s. 9.58 14.59 N.S. 16.40 

25 0.70 N.S. 0.85 1.89 N.S. 2.37 - - 5.25 N.S. 6.36 9.30 N.S. 11.39 

32 0.60 N.S. 0.55 1.59 N.S. 1.50 - - 3.86 N.S. 3.57 7.30 N.S. 6.77 

39 0.10 XX 0.21 1.57 XX 0.68 - - 4-15 XX 1.67 7·59 XX 3.29 

46 0.81 XX 0.40 2.67 XX 1.66 7.64 N.S. 8.74 4.88 X 2.51 12.21 N.s. 8.18 61.61 N.s. 6o.oc 

53 0.55 N.S. 0.31 3.95 N.S. 3.51 2.57 N.S. 2.31 3.66 N.s. 2.12 16.38 N.S. 18.87 26.05 N.S. 19.95 

60 0.63 N.S. 0.37 6.74 XX 3.20 1.53 N.S.l0.02 5.01 X 2.72 19.34 N.S.226.15* 19.29 N.S. 83.78 

67 0.47 XX 0.22 4.86 X 3.32 1.61 X 0.95 4-24 XX 2.05 31.05 N.S. 21.94 19.09 N.S. 11.43 

74 0.37 N.S. 0.27 3.60 N.s. 3.24 1.49 N.S. 1.17 3.20 N.s. 2.49 21.56 N.S. 16.28 13.77 N.s. 10.73 

81 0.61 XX 0.23 4.64 N.S. 3.22 3.79 N.S. 0.89 4·43 X 2.04 22.17 N.S. 18.89 29.86,N.S. 8.71 

88 0.33 N.S. 0.23 2.53 XX 4.03 1.43 N.S. 1.16 1.79 N.S. 2.05 10.68 XX 19.59 5.82 N.S. 10.75 

N.S. = No significant difference Fl = Split fertilizer application 

X = 5~ level of significance FO = Fertilized only at .sowing time 

XX = 1}'~ level of significance *With FO dry weight of leaves at 60 days, plants were practically 
denuded 
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weight during a 24-hour period in the growth chamber 

(Experiment .3). 
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Estimated Total Water Usage 

The results concerning the average transpiration per plant 

during a 24-hour period at various growth stages have been dis

cussed at an earlier stage, but no mention has been made regarding 

the increase in water contents of the plant. Calculated estimates 

of the amount of water fixed within the plant tissue and the 

estimated total water usage (sum of transpiration and amount of 

water fixed within the plant tissue) by snap bean plants in a 

24-hour period are presented in Tables 12 to 14. 

The results of these calculations (Tables 12 to 14) clearly 

indicate that the amount of water fixed within the plant tissues 

during the middle growth stage was relatively more than the amount 

of water fixed during the early and late growth stages. In an 

earlier study, Hwang (1970) also reported that the amount of water 

retained by cabbage and potato plant tissues was smaller at the 

early stage than that in the middle or late stages. The results 

indicate that the amountsof water fixed during the first experiment 

from 46 to 53 days were 6.8 and 8.5 per cent, respectively, of the 

plant transpiration in the growth chamber for the plants receiving 

both fertilizer regimes. Results of the second and third experi

ment varied to some extent from the first experiment (Table 12) 

probably due to a difference in plant vigor and because of leaf 

regrowth. 

According to the results (Tables 12 to 14), the estimated 

total water usage showed marked differences in the two nutrient 



~ Table 12. Amount of water transpired, calculated water fixed within the plant tissue, estimated total 

water usage in grams and per cent water fixed in plant tissue of snap bean plants during a 

24-hour period (Experiment 1). 

Days After Sowing Calculated Water Fixed Estimated Total Water Used Per cent Water Fixed Transpiration 
in Plant 

Fl FO Fl FO 

18 to 25 0.300 0.591 10.841 (190.55) 12.049 (211.78) 

25 to 32 0.118 0.021 11.526 (202.59) 13.191 (231.85 

32 to 39 0.367 0.185 14.166 (248.99) 11.301 (198.63) 

39 to 46 0.374 0.160 19.478 (342.35) 11.835 (208.02) 

46 to 53 1.412 1.120 20.661 (363.14) 13.120 (230.60) 

53 to 60 0.404 0.200 21.228 (373.10) 10.508 (184.68) 

6J to 67 -0.120 0.510 20.054 (352.47) 9.418 (165.54) 

67 to 74 -0.363 -0.267 15.270 (268.39) 7.224 (126.97) 

74 to 81 -0.321 -0.615 14.628 (257.11) 6.068 (106.66) 

81 to 88 -1.198 -1.109 10.451 (183.69) 4-307 ( 75.70) 

Xote: 80,000 plants per acre (3-inch spacing x 24-inch row width). 

( ) indicates gal/day/acre 

Fl = Split fertilizer application 

FO = Fertilized only at sowing time 

in Plant 

Fl FO Fl FO 

2.767 4.904 10.541 11.458 

1.023 0.159 11.408 13.191 

2.590 1.637 13.799 11.116 

1.920 1.351 19.099 11.675 

6.834 8.536 19.249 12.000 

1.903 1.903 20.824 10.308 

- 5.415 20.174 8.908 

- - 15.633 7·491 

- - 14.949 6.683 

- - 11.649 5.416 



J\ 
·t- Table 13. Amount of water transpired; calculated water fixed within the plant tissue, estimated total 

water usage in grams and per cent water fixed in plant tissue of snap bean plants during a 

24-hour period (Experiment 2). 

Days After Sowing Calculated Water Fixed Estimated Total Water Used Per cent Water Fixed Transpiration 
in Plant in Plant 

Fl FO Fl FO Fl FO Fl FO 

18 to 25 0.274 0.608 7.414 (130.31) 11.513 (202.36) 3.695 5.280 7.140 10.905 

25 to 32 0.222 0.201 7.637 (134.23) 12.916 (227.02) 2.906 1.556 7-415 12.715 

32 to 39 0.388 0.145 9.618 (169.65) 10.590 (186.13) 4·034 1.369 9-230 10.445 

39 to 46 0.286 0.254 11.776 (206.98) 1·914 (140.16) 2.428 3.185 11.490 7-720 

46 to 53 0.342 0.314 11.042 (194.08) 5.834 (102.54) 3.097 5.834 10.700 5-520 

53 to 60 0.954 -0.151 11.054 (194.29) 3-779 ( 66.42) 8.630 - 10.100 3.930 

60 to 67 -0.207 0.247 12.783 (224.68) 6.977 (122.63) - 3·540 12.990 6.730 

67 to 74 -0.255 -0.065 12.900 (226.73) 9.090 (159.77) - - 13.155 9.155 

74 to 81 -0.067 -0.122 12.198 (214.40) 7.488 (131.26) - - 12.265 7-590 

81 to 88 0.235 0.051 10.410 (182.97) 5.766 (101.35) - 0.884 10.175 5.715 

Note: 80,000 plants per acre (3-inch spacing x 24-inch row width). 

( ) indicates gal/day/acre 

Fl = Split fertilizer application 

FO = Fertilized only at sowing time 



g Table 14. Amount of water transpired, calculated water fixed within the plant tissue, estimated total 

water usage in grams and per cent water fixed in plant tissue of snap bean plants during a 

24-hour period (Experiment 3). 

Days After Sowing Calculated Water Fixed Estimated Total Water Used 
in Plant 

Fl FO Fl FO 

18 to 25 0.169 0.326 7.427 (130.54) 8.700 (152.92) 

25 to 32 0.214 0.308 7·197 (126.50) 8.307 (146.01) 

32 to 39 0.412 0.100 9.503 (167.03) 5.833 (102.53 

39 to 46 -0.042 -0.085 11.783 (207.10) 4.731 ( 83.16) 

46 to 53 0.383 0.162 11.599 (203.87) 5-370 ( 94.38) 

53 to 60 0.447 -0.166 12.146 (213.48} 4.775 ( 83.93) 

60 to 67 0.165 0.966 12.173 (231.96) 5.832 (102.51) 

67 to 74 0.287 0.019 9.853 (174.94) 5.200 ( 91.40) 

74 to 81 -o.661 0.282 9.305 (163.55) 4.892 ( 85.99) 

81 to 88 0.101 0.276 9·376 (164.80) 4.882 ( 85.81) 

?Iote: 80,000 plants per acre (3-inch spacing x 24-inch row width). 

( ) indicates gal/day/acre 

Fl = Split fertilizer application 

FO = Fertilized only at sowing time 

Per cent Water Fixed Transpiration 
in Plant 

Fl 

2.275 

2.973 

4·335 

3.302 

3.680 

FO 

3·747 

3.707 

1.714 

3.016 

1.355 16.562 

2.883 0.365 

1.077 

Fl FO 

7.258 8.374 

6.983 1·999 

9.091 B·133 

11.825 4.816 

11.216 5.208 

11.699 4-941 

12.008 4.866 

9.666 5-191 

9-966 5-174 

9.275 4.158 



regimes. In the case of plants receiving the split application 

of fertilizer (Fl) a steady increase in estimated total water 

usage was recorded up to the age from 53 to 60 days in the first 

experiment; from 67 to 74 days in the second experiment; and from 

60 to 67 days in the third experiment and then started to level 

off. The maximum estimated water usage in the growth chamber 

was recorded 1,698,240.0; 1,032,000.0; and 973,840.0 grams 

81 

(373.10; 226.73; and 213.96 gallons) per day per acre respectively, 

for the first, second and third experiments. For the plants 

receiving fertilizer only in the beginning (~'0) 1 however, the 

maximum estimated water usage was recorded during the early 

growing stage, i.e. from 25 to 32 days in case of the first and 

the second experiment and from 18 to 25 days in case of the third 

experiment. As has earlier been discussed, the plants receiving 

the split application of fertilizer (Fl) were comparatively 

healthier at the later stage compared to the plants receiving 

fertilizer only in the beginning (FO). 

Plant Growth-Water Usage Correlation Studies 

A summary of the correlation coefficient studies between 

estimated total water usage and the plant growth (fresh and dry 

weights of total plant, leaves and pods) for the three growth 

chamber experiments is presented in Table 15. With the exception 

of the total dry weight in the second experiment that received 

fertilizer at the beginning (F~) all correlations of estimated 
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CD 
Table 15. Summary of the correlation coefficients between estimated total water usage and the 

plant growth for snap bean plants in growth chamber. 

Total fresh weight of the plant 

r~esh weight of leaves 

Fresh weight of pods 

Total dry weight of the plant 

Dry weight of leaves 

Dry weight of pods 

N.s. = No significant difference 

X = 5% level of significance 

LX = 1% level of significance 

Experiment 1 Experiment 2 

0.759 X 0.797 XX 0.972 XX 0.869 XX 

0.624 N.S. 0.742 X 0.658 X 0.740 X 

0.845 X o.Bso x 0.697 N.S. 0.657 N.S. 

0.771 XX 0.924 XX 0.880 XX 0.627 N.S. 

0.919 XX 0.778 XX 0.662 X 0.672 X 

0.931 XX 0.933 XX 0.732 N.S. 0.492 N.S. 

Fl = Split fertilizer application 

FO = Fertilized only at sowing time 

Experiment 3 

0.752 X 0.879 XX 

0.617 N.S. 0.613 N.S. 

0.606 N.S. 0.656 N.S. 

0.757 X 0.892 XX 

0.667 X 0.582 N.S. 

0.777 N.S. 0.809 N.S. 



total water uaage and total weight of plants were s1gnificant. 

When the correlations with the plant parts are considered there 

is a lack of uniformity between experiments and fertilizer 

treatments and no trend as found by Hwang (1970) could be 

established. In the second and third experiments the lesser vigor 

caused by poorer plant condition as a result of growth chamber 

breakdown may have affected the correlations. .Even in the first 

experiment where no breakdown occurred, it is surprising that 

the pod weights correlated so well with water usage. It was 

noted, however; that both amount and rate of transpiration tended 

83 

to increase with pod development and this period was also associated 

with high amounts of retention in the plants. 

Although the weight of pods did not show any correlation to 

the estimated total water usage in the second and the third experi

ments, the fresh and dry weight of pods was found to be significantly 

correlated to the estimated total water usage in the first experiment. 

When the total fresh weight, however, was plotted against the amount 

of transpiration, two separate populations were observed, i.e. 18 to 

46 days after sowing and 53 to 88 days after sowing (Figure 16). The 

results indicate that the fresh weight of the pods shifted the popu

lation (53 to 88 d~s after sowing) by contributing much toward the 

total fresh weight and little, if any, toward the amount of transpir

ation. \ihen Figure 16 is considered, it is difficult to explain how 

such a correlation with pods was obtained, except that the correlation 

was only tested in the later stages of growth and there happened to 

be a degree of similarity as shown in Figure 1. 
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SUMMARY AND CONCLUSION 

During the years 1972 and 1973, three identical experiments 

with snap beans, variety Contender, were conducted under con

trolled environmental conditions to measure plant growth, trans

piration and estimated total water usage as influenced by two 

fertilizer regimes. The growth rates were recorded from the 

weekly measurements and both fresh and dry weights of the total 

plant and the plant parts (leaves, pods, roots and stems) were 

taken into account. The weighing method was used to establish 

the transpiration measurements in a 24-hour period at weekly 

intervals during the entire growing period. 

The plant growth studies with snap bean plants showed that 

the initial increases in plant weight were mainly due to vegetative 

growth, but from the pod development stage the pods contributed 

much towards the weight. Both the fresh and the dry weight of 

pods were higher in the plants receiving the split application 

of fertilizer (Fl) in all experiments from pod development until 

plant senescence. It is suggested that the possibility of split 

field application of fertilizer should be investigated further. 

During the growing period of the snap bean plants four growth 

stages seemed quite evident, namely, vegetative growth (stage 1), 

flower initiation (stage 2), pod development (stage 3), and pod 

ripening followed by plant senescence (stage 4). 

The transpiration studies showed an increase in the amount of 

transpiration during the early vegetative growth period which was 



checked by flower initiation. At the time of pod development, 

however, maximum transpiration due to an upward surge in the 

amount and rate of transpiration was recorded in the first and 

the third experiment with both fertilizer regimes suggesting 

that the young developing pods contributed much towards the amount 

and rate of transpiration. With the plants receiving fertilizer 

only·at sowing time (FO), however, the highest amount and rate 

86 

of transpiration occurred during the early growing period (stage 1) 

in all the three experiments. The split fertilizer application to 

snap bean plants also stimulated the amount and rate of transpiration, 

but the effect diminished as the plants became older. In the second 

and third experiments the amount and rate of plant transpiration 

also increased in both fertilizer regimes at the time of plant 

regrowth brought on by injury to the plant as a result of growth 

chamber failure for short periods. 

The amount of water fixed during the middle growing period 

(stage 3) was found to be relatively more than the amount of water fixed 

during the early (stage 1 and 2) and late (stage 4) growth periods 

in both fertilizer regimes. It is suggested that the water retention 

by fast growing and maturing pods might have contributed much 

towards the amount of water fixed within the plant tissue during 

that stage. The maximum estimated total water usage with the 

plants receiving the split application of fertilizer (Fl) was 

recorded during the period when the pods were growing fast (stage 3), 

while with the plants receiving fertilizer only at the beginning 

(FO) maximum water usage was in the early growing period (stage 1) 



because of lack of nutrition and reduced vigor. 

Although correlations in these experiments were not found 

to be uniform possibly due to differences in plant vigor and 

growth chamber breakdown during the second and third experiments, 

the estimated total water usage was found to be significantly 

correlated to the total fresh and dry weights in both fertilizer 

regimes (except dry weight, FO, Exp. 2). It should be noted 

that in the first experiment with vigorous plants and large crop 

the estimated total water usage was also correlated with weight 

of pods. 

In conclusion, although the snap bean plant proved to be 

very sensitive to single plant pot culture there would appear to 

be four recognizable growth stages in its development. There is 

apparently a reduction in the amount and rate of transpiration 

in the flower initiation stage, followed by an increase for a 

short period of time in the early pod development stage. The use 

87 

of split fertilizer applications stimulated the amount and rate of 

transpiration after each application, kept the plants healthier, 

increased yields and del~ed maximum water usage until stage 3 as 

opposed to maximum water usage in stage 1 for those plants receiving 

fertilizer only at the beginning. 
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