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ABSTRACT 

Three year old nucellar Lisbon lemon seedlings were 

girdled three inches above the soil. On the day the 

experiment was initiated one set of trees, designated 

initial trees, was removed from the soil and divided into 

sections as outlined below. Weekly photosynthesis and 

respiration values were obtained on control and girdled 

trees for eight weeks. At the end of eight weeks, the 

girdled trees were removed from the soil and divided into 

the following sections: (l) leaves, (2) green stems, (3) 

mature stems, (4) trunk 12-18 inches above the girdle, (5) 

trunk 6-12 inches above the girdle, (6) trunk 0-6 inches 

above the girdle, (7) trunk 0-3 inches below the girdle, 

(8) root crown, and (9) roots. On the same day, control 

trees were removed and divided into sections equivalent to 

those of girdled trees. Dry weight of all tree sections 

were obtained. Tree sections (l), (2), (4), (6), (7), and 

(9) were used for carbohydrate and nitrogen analysis. 

There were non-significant increases in the weight 

of all parts of girdled and control trees during the experi

ment. There was a strong tendency for girdling to reduce 

dry weight of the various plant parts, however, there were 

no significant differences between girdled and control 

trees. 

x 
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There was a statistically significant, linear 

reduction in net photosynthesis of girdled trees, relative 

to control trees, during the eight weeks. Respiration 

rates of leaves on girdled trees were unchanged from those 

of leaves on control trees. 

There was a general tendency for carbohydrates and 

nitrogen to be lower in the various parts of control trees 

compared to initial trees. However, only the reductions of 

glucose in the leaves*, of starch in the roots and trunk 0-3 

inches below the girdle point; and of total nitrogen in the 

trunk 0-3 inches below the girdle point were statistically 

significant. 

The chemical changes in girdled trees, relative to 

control trees, were as follows: 

1. Glucose was significantly higher in the leaves and 

green stems; and significantly lower in the trunk 

0-6 inches above the girdle of girdled trees. 

2. Fructose was significantly higher in the green 

stems and significantly lower in the trunk 0-6 

inches above the girdle on girdled trees. 

3. Sucrose was significantly higher in the green stems 

and trunk 12-18 inches above the girdle on girdled 

trees. 

4. Total sugars were significantly higher in the green 

stems and trunk 12-18 inches above the girdle on 

girdled trees. There were non-significant 
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increases in the two tree parts below the girdle 

on girdled trees. 

Starch was significantly higher in the green 

stems, trunk 12-18 inches above, and 0-6 inches 

above the girdle on girdled trees. There were 

non-significant reductions in the roots and trunk 

0-3 inches below the girdle on girdled trees. 

6. Total nitrogen was significantly lower in the 

leaves of girdled trees. 

7• Soluble sugars accumulated to the greatest extent 

in the green stems, while starch accumulated to the 

greatest extent in the trunk zones above the girdle 

on girdled trees. 

Possible reasons for the observed changes, or lack 

of changes, in weight, photosynthesis, respiration, carbo

hydrates, and total nitrogen a:ce discussed. 



INTRODUCTION 

The horticultural practice of girdling has long 

been used to increase fruit set and yield, or to improve 

fruit quality of several fruit crops. Although citrus is 

not girdled on a commercial basis, it has been shown that 

fruit yield of several varieties of citrus can be increased 

by girdling. The physiological changes which are induced 

by this practice are not understood. Studies with several 

deciduous species, especially apple trees, have shown that 

total sugars and starch accumulate in branches and leaves 

above a girdle compared to control branches. It has also 

been shown that total nitrogen is lower in leaves on 

girdled branches than on control branches. It has been 

hypothesized that these same changes occur in citrus trees. 

A recent reference in the literature (Khan and Ghayur 1963b) 

indicated that total sugars and starch were higher in 

leaves from girdled mandarin trees than from ungirdled 

trees. However, no reference was made as to the carbo

hydrate status of the woody portions of the tree. It has 

also been shown in several instances that girdling reduced 

the total nitrogen content in leaves of citrus trees (Furr, 

Reece, and Hrnciar 19^5; Wallace and Mueller 1958; Ghayur 

and Khan 1962d). Again, however, no references were made 

as to nitrogen changes in the woody parts of girdled trees. 

1 
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In order to further understand endogenous changes which 

result from girdling, it is felt that the place to start is 

with small seedling trees that can be removed from the soil, 

divided into various parts and analyzed for carbohydrates 

and nitrogen. 

The use of small seedling trees offers several 

advantages over using mature trees. Most of the mature 

trees are a result of budding a scion onto a rootstock. It 

has been well established that a rootstock has a great 

influence on a scion. By using seedlings this variable is 

eliminated. Also, many of the citrus varieties, including 

Lisbon lemon, produce nucellar seedlings. While it is 

impossible to segregate nucellar seedlings from gametic 

seedlings with complete confidence, they can be segregated 

with a high degree of reliability. Hence, by using nucellar 

seedlings, plants which are genetically alike can be used. 

Another advantage of using smaller seedling trees is that 

the entire tree can be removed from the soil, sectioned, 

and analyzed. This eliminates the problems involved with 

selecting the types and location of branches which should 

be sampled. 

With these ideas in mind, the objectives of this 

experiment are to ascertain the following: 

1. Are carbohydrate and nitrogen concentrations in 

Lisbon lemon seedlings affected by girdling? 



If the carbohydrate and nitrogen contents are 

altered, where in the seedling does the change 

occur? 

What carbohydrate fractions, if any, are altered? 

Since photosynthesis and respiration are closely 

associated with carbohydrates, what effect does 

girdling have on these two physiological processes 

What effects, if any, does girdling have on the 

vegetative growth of Lisbon lemon seedlings? 



LITERATURE REVIEW 

Girdling, also known as ringing or cincturing, is 

the removal of a ring of bark from somewhere on the axis of 

the plant. The width of the ring removed generally varies 

from one-half inch to that of a single knife cut. Generally 

the periderm, phloem and vascular cambium are removed when 

a woody dicotyledonous species is girdled. 

The horticultural practice of girdling is ancient. 

Winkler (19&2) reports that in 1833 a letter written by Dr. 

U. X. Davides, professor of viticulture at the University 

of Athens, describes how a mule tied to a Black Corinth 

grape vine girdled the trunk. According to the letter, the 

rope which tied the mule to the vine rubbed the bark from 

the trunk and the vine, thus accidentally girdled, set much 

better than the others. 

Girdling generally has been used either as a 

research tool or as an experimental control of fruiting of 

various species. The only crop in which girdling is a 

regular commercial practice is Vitis vinifera. This 

species is girdled for one or more of three reasons: (l) 

to increase fruit set, (2) to increase size of berries, 

and/or (3) to hasten maturity (Winkler 1962). Dr. Winkler 

gives a thorough review of girdling and its effect on 

grapes, so for further knowledge on this subject the reader 

4 



is referred to his excellent treatise (Winkler 1962). With 

respect to other woody deciduous crops, Gardner, Bradford, 

and Hooker (1952) give a fairly complete review of methods 

and results of girdling. 

Physical Effects of Girdling 

The outstanding effect of girdling fruit crops is 

that of increasing yields. Increases of 2 to 10 times in 

yields have been reported for apples, pears, peaches, 

cherries, and grapes (Jacob 1928, Heinicke 1929, and 

Murneek 1937* 1938* 1939), olives (Hartraann 1950), citrus 

(Shamel and Pomeroy 193^? 19^? Krezdorn i960, Ghayur and 

Khan 1962c), persimmon (Hodgson 1938), and lychees (Young 

1956). In all of these cases increase in fruit number was 

primarily responsible for the increased yields. Effects on 

fruit size seems to vary with species and years. Hodgson 

(1938) noted that increased yields due to girdling was 

associated with smaller size of fruit. Shamel and Pomeroy 

(19^) and Ghayur and Khan (1962c) indicated that fruit 

size was also smaller in citrus. Shamel and Pomeroy (193^) 

and Krezdorn (i960) gave no indication that fruit size of 

Valencia, Dream Navel oranges or Orlando tangelos was 

affected by girdling. On the other hand, studies by 

Murneek (1938, 1939) and Batjer and Westwood (1963) have 

shown that fruit size of apples, pears, peaches, and 

cherries have been increased by girdling. 



Even though, yields are almost invariably increased 

by girdling, there seems to be at least one criterion which 

must be met. Young (1956) and Hartmann (1950) among 

others, have reported that girdling low vigor trees 

increased yields only slightly, if at all. Apparently, 

then, moderate to good vigor is necessary before girdling 

increases yields to a maximum. To quote Krezdorn (i960), 

"The history of girdling indicates that a good bloom and 

good vigor favor the successful increase in fruit set and 

yields through girdling." 

With most crops the phenomenon of increased yields 

is observed only as long as the practice is continued. If 

girdling is discontinued, yields may only drop to those 

attained before girdling was initiated (Shamel and Pomeroy 

193^? Ghayur and Khan 1962c). However, Hodgson (1938) has 

reported that after discontinuance of girdling, persimmon 

yields decreased below normal. Similar results have also 

been recorded for apples (Batjer and Westwood 1963) and 

Washington Navel oranges (Shamel and Pomeroy 19^)• In 

those cases where yield decreased below previous production, 

the trees either were devitalized directly as a result of 

girdling or indirectly as a result of larger yields the 

previous year(s). It would be natural to assume that those 

varieties which tend strongly towards alternate bearing 

would be more adversely affected by discontinuing girdling 

than those varieties which tend toward uniform annual 
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production. In one study (Shamel and Pomeroy 1936) yields 

were increased during the first two to three years of 

annual girdling, but after several successive years there 

was a tendency for girdled trees to produce less fruit than 

the controls. By the seventh or eighth year, trees which 

were girdled annually produced significantly less fruit 

during those years than check trees. 

The physical reasons for increased yields as a 

result of girdling are several and vary with the crop con

cerned and the time of year when girdling is done. Murneek 

(1937, 1938) observed that the reason for increased yields 

of apples was due primarily to reduction in fruit drop 

during the second, third and fourth drop period. Data 

presented by Krezdorn (i960) indicated that yield increases 

of Orlando tangelo was also due to reduced fruit drop. 

Batjer and Westwood (1963), however, felt yield increases 

were primarily due to an increase in percentage of spurs 

that produced blossoms and percentage of blossoms which set 

into fruit. It is apparently the time of girdling that 

determines whether increased blossoming, improved fruit set 

or reduced fruit drop is the reason for increased yields. 

Murneek (1938) observed an increase in number of fruit set 

if girdling was done at full bloom. However, if girdling 

was done as late as 10 weeks after full bloom, yields were 

increased as much as if done at full bloom. The only way 

that girdling this late in the season could possibly 



increase yields is by reducing fruit drop or increasing 

fruit size. In Murneek1s (1938) study it was a result of 

the former. In agreement with this, Hodgson (1938) noted 

there was reduced fruit drop in persimmon the season treat

ment was applied, thereby increasing yield. It also 

increased yields the following year, but as a result of 

increasing the number of blossoms that set into fruit 

rather than by reducing fruit drop. 

Olives have a tendency towards producing a greater 

number of staminate flowers than pistilate flowers, 

consequently fruit production is frequently low (Chandler 

1958). Hartmann (1950) showed that yields of olive trees 

could be increased by girdling one to three months prior to 

blossoming. In this case, girdling increased perfect 

flowers with a resulting increased percentage of flowers 

setting into fruit. Ghayur and Khan (1962b) also found 

that girdling influenced flower type. Their findings were 

contrary to what Hartmann found in olives in that girdling 

Sangtara mandarin oranges increased the percentage of 

staminate flowers. Not only was there an increase in the 

number of staminate flowers, but girdling also increased 

the germination capacity of the pollen. Ghayur and Khan 

felt that by increasing both the amount of pollen available 

and its germination capacity, pollination and fruit set 

were enhanced. 
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Girdling not only affects yields, but it may also 

produce an effect on the plant. Generally if the vegeta

tive portions of the plant are modified, the effect is an 

adverse one. 

Sibbett (1965) reviewed the literature concerning 

the effects of girdling on vegetative growth of grape 

vines. The literature was conflicting in that some workers 

reported vegetative growth was unaffected while others 

reported it was reduced. In his study, Sibbett found trunk 

or cane girdling, whether applied 10 days or 28 days after 

anthesis, did not reduce vegetative growth of Thompson 

Seedless grape vines. 

Vegetative growth was observed not to be affected 

on Valencia or Washington Navel oranges (Shamel and Pomeroy 

193*t, 19W , on Orlando tangelos or Dream Navel oranges 

(Krezdorn i960), or on olives (Hartmann 1950)• 

When woody plants are unfavorably affected by 

girdling, the most commonly observed effects are on leaves. 

Yellowing and premature abscission has been observed on 

persimmon (Hodgson 193&), tung (Painter and Brown 1939)? 

pecan (Loustalot 193^)1 lychee (Young 1956), apricot (Crane 

and Campbell 1957), and lemon (Naude 195&)• In. addition 

to yellowing and abscissing of leaves, Crane and Campbell 

(1957) also noted that leaf size of apricot trees was 

smaller the year following girdling. Ghayur and Khan 

(1962a) reported that on mandarin trees the leaf area per 
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new shoot was reduced by girdling, however, leaf area per 

unit length of shoot was increased. 

Shoot growth, as well as leaf growth, frequently 

is affected by girdling. Crane and Campbell (1957) working 

with apricots found that little or no shoot growth was 

evident during the current season after trees were girdled. 

The following season shoot growth was greater than the 

previous season, however it was still less than growth made 

by control trees. It wasn't until the third year after 

girdling that growth was normal. Corresponding to this 

there was little callous production around the girdle the 

first year. During the second year there was partial 

healing, but the wounds were not completely healed until 

the third year. Naude (1958) reported that when rooted 

lemon cuttings were girdled by a single knife cut through 

the phloem growth began normally, but after three months 

growth rates had decreased below those of control plants. 

When the rootings were girdled by removing one-eighth of an 

inch of bark there were no visible signs of vegetative 

growth. Root growth of plants which were slightly girdled 

was reduced to a greater extent than was top growth. 

Consequently, even though both top growth and root growth 

was reduced, the top:root ratio increased. Ghayur and Khan 

(1962a) noted there was a tendency for shoot extension on 

mandarin trees to be decreased on girdled branches, how

ever, the differences were not statistically significant. 
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Batjer and Westwood (1963) reported a reduction in shoot 

growth on apple trees resulting from girdling. 

Shamel and Pomeroy (1936) reported that growth vigor 

of Washington Navel orange trees was not noticeably-

affected by one or a "few" girdlings. However, after seven 

or eight consecutive years of girdling the trees were 

obviously devitalized. They found that after six succes

sive years of girdling the cross sectional area of control 

trees had increased by 12.9% whereas girdled trees increased 

only 7.3%. Hence, trunk growth was reduced by about 4 3% 

during this period of time. Batjer and Westwood (1963) 

noticed that trunk growth of apples was also unfavorably 

affected by ringing. 

Schnieder (195^) found, through histological 

examinations, that girdling the trunks of orange trees 

caused degeneration of sieve tubes. Degeneration usually 

occurred sooner and more extensively one and one-half 

inches above and below the wound than it did 18 inches 

above and below. In trees girdled in July, only two weeks 

was required for a response whereas six months passed 

before degeneration of sieve tubes was noted in trees 

girdled in October. Even though the practice of girdling 

does not involve cutting the xylem, it may, however, be 

affected. Clements and Engard (1938) observed that living 

cells of xylem, i.e., xylem rays, "died" as a result of 

being isolated from living cells of the cambium and phloem. 
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They felt this resulted in a decreased capacity of the 

xylem to translocate water and nutrients. 

One of the most interesting studies concerning 

girdling was that done by Loustalot (19^3)• He found that 

girdling decreased apparent photosynthesis and transpira

tion while it increased respiration of pecan leaves. A 60% 

reduction in carbon dioxide assimilation and transpiration 

occurred as early as two days after girdling. When measure

ments were made during the afternoon, photosynthesis and 

transpiration reductions were greater than if measurements 

were made during the mornings. A maximum reduction in 

photosynthesis of 93 to 97% was observed on the afternoon 

of 38 days following girdling. At 50 days after girdling 

leaf transpiration was 75 to 80% less on treated trees. An 

increase of 10% in carbon dioxide evolution was noted the 

afternoon of the day girdling was done. Respiration rates 

increased steadily in leaves of girdled plants and at 38 

days after treatment, respiration was 5^% above normal. 

With respect to carbon dioxide assimilation, Loustalot's 

results were parallel with those noted earlier by Heinicke 

(1932) for apple leaves. 

Chemical Effects of Girdling 

One of the earliest reports of girdling in the 

literature is that by the anatomist Marcellus Malpighi 

(1675? 1679)5 who girdled a great number of plants to study 



the movement of nutrients in the stem. Following up on 

this, many workers have utilized girdling as a tool to 

study this phenomenon. Crafts (1961) describes numerous 

experiments of this sort in his treatise and it is felt 

unnecessary to discuss these in this review. 

As mentioned in the previous section, the one 

physical change which is outstanding and noted most 

consistently is an increase in fruit yield. Since the 

historical work of Kraus and Kraybill (1918), many 

horticulturists have studied the relationships between 

carbohydrates, nitrogen and fruitfulness. Khan and Ghayur 

(1963a) have reviewed this subject recently so it won't 

be repeated here. Since there is this close relationship 

between girdling and fruiting as well as between fruiting 

and carbohydrates and nitrogen, it was natural to look at 

the effects of girdling on these two chemical constituents 

of the plant. 

In 1923 Kraybill published results of a two year 

experiment he conducted on apples and peaches. He found 

that reducing sugars and sucrose were slightly higher, 

starch much higher and moisture content slightly lower in 

shoots from girdled plants when samples were taken one 

month after treatment. When samples were taken two months 

later, shoots from treated trees were lower in moisture and 

slightly higher in starch and acid hydrolyzable carbo

hydrates. Green (1937) followed carbohydrates changes in 



apple1 trees for the entire season and obtained results 

similar to those of Kraybill. Seasonal fluctuations of 

total sugars were about the same in girdled and control 

branches, but the level was slightly higher in the girdled 

branches. Seasonal starch fluctuations were also similar 

in treated and untreated trees, however, starch in girdled 

branches was much higher. Girdling increased the total and 

fresh weight of the spurs, but there was only a slight 

increase in percentage dry weight. Results of a study, 

also done with apples, by Murneek (19^1) were very similar 

to those found by Kraybill and by Green. Khan and Ghayur 

(1963b) found that total sugars in mandarin leaves were 

increased by girdling. Sucrose content of the leaves was 

increased by one girdling but to a greater extent by two 

consecutive years of girdling. Starch content was also 

increased by girdling. If trees were girdled once the 

starch content was increased to a greater extent than if 

girdled for two years. Trees girdled only once showed the 

same leaf concentrations of reducing sugars as the check 

trees. However, when girdling was done for two successive 

years, reducing sugars were lowered. In agreement with the 

other studies, Ghayur and Khan (l962d) found also that 

percentage dry matter of leaves was increased by girdling. 

The usual explanation for increased carbohydrates 

above the girdle is that by cutting the phloem there is a 

stoppage of downward translocation of the elaborated foods. 



This undoubtedly accounts for the majority of that accumu

lated. However, as was noted in the preceding section, 

growth is frequently reduced. It could be assumed that 

part of the increased carbohydrate content might be a 

result of lesser amounts used for growth and metabolism. 

Many workers have noted that nitrogen content is 

less in leaves from girdled than from control plants (e.g., 

Curtis 1923? Clements and Engard 1938, Wallace and Mueller 

1958, Ghayur and Khan 1962d, Batjer and Westwood 1963). A 

satisfactory explanation for this has not been evolved. 

It is generally agreed that nitrogen is trans

located in the xylem (Crafts 1961). Apparently then, 

reduction in leaf nitrogen as a result of girdling is an 

indirect effect. Both Naude (1958) and Furr, Reece, and 

Hrnciar (19^5) have observed that nitrogen absorption is 

reduced by girdling. Possible explanations for this as 

given by the latter authors include: (a) A depletion of 

respiratory substrates results from prevention of downward 

translocation of carbohydrates and other growth substances. 

This in turn would reduce and eventually stop any active 

uptake of nutrients. (b) A possible accumulation of 

nitrogen compounds below the girdle thus stopping absorp

tion as a result of mass action. This latter possibility 

did not, however, receive support from the work conducted 

by Wallace et al. (195̂ )- After soil application of N"*"̂  

they found a basipetal gradient of labeled nitrogen in both 



control and girdled plants. If the second explanation 

given by Furr et al. (19^5) was a correct assumption, the 

basipetal gradient should have been broken at the ring with 

a higher amount of labeled nitrogen below rather than above 

the ring. Clements and Engard (1938) felt the reduction 

was partially due to the fact that removal of a ring of 

bark prevented development of new xylem at that point. As 

growth continued this became a constriction in the cross-

sectional area of the conducting channel which in turn 

would reduce the amount of water and mineral nutrients 

which flowed past the girdle area. Wallace and Mueller 

(1958) felt that studies had not conclusively proven that a 

small amount of nitrogen was not translocated in the phloem. 

They set up a series of three treatments: (a) control, 

(b) a ring of bark removed, and (c) a ring of bark removed 

about half way around the stem, a cross-section of xylem 

removed, and then the cut bark reunited and taped in its 

original location. Even though cutting the xylem completely 

stopped movement of nitrogen to areas above the cut they 

felt it was possible there could be some transport in the 

phloem. Cutting the xylem possibly injured the phloem to 

such an extent that it no longer functioned properly. 

Also, as pointed out previously, there is generally an 

increase in percentage dry matter associated with girdling. 

This would indicate that more organic material is being 

produced in proportion to the amount of moisture taken up. 



If nitrogen is translocated in the water stream (Crafts 

1961) then correspondingly less nitrogen would be trans

located to the plant parts above the girdle. It is 

possible, then, the reduction in percent nitrogen is due 

simply to a dilution effect. Hence, there are four 

possible explanations for a reduction in nitrogen above a 

girdle: (a) reduced absorption, (b) reduced translocation 

in the xylem, (c) prevention of upward translocation in the 

phloem, and/or (d) a dilution affect. 



METHODS AND MATERIALS 

General 

Seeds were removed from fruit harvested in January 

1962 from eight-year-old Lisbon lemon trees on Rough lemon 

root. The maternal trees were growing in Superstition 

sand on the Yuma Mesa Citrus Experiment Station, Yuma, 

Arizona. The seeds were soaked in water for 12 hours to 

remove the mucilaginous material and immediately planted in 

flats of peat moss in the greenhouse. Germination and 

seedling growth was continued in the greenhouse until June 

1962 when they were selected for uniformity and trans

planted to the nursery row at six inch intervals. On May 

30, 1963 the seedlings were again selected for uniformity, 

dug and brought to the University farm in Tucson. They 

were then planted in a 10 x 14 foot Gila sandy-loam ground 

bed in the greenhouse (Fig. l). 

Lisbon lemons produce approximately 20% nucellar 

seedlings (Webber and Batchelor 19^6) which was roughly the 

percentage of seedlings which were of uniform size. 

Because of the double selection for uniformity it is felt 

the 24 seedlings planted for this experiment were nucellars. 

Between May 30? 19&3 and May, 19&5 ̂ be trees 

received water and nutrients as deemed necessary to 
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Figure 1. Plot layout of 24 nucellar 
Lisbon lemon seedlings 

Trees marked "C" and "G" were control and girdled 
trees, respectively, for the photosynthesis and chemical 
studies. Trees marked "I," initial trees, were removed the 
day the experiment was initiated and used for the chemical 
studies. Trees marked "CR" and "GR" were control and 
girdled trees, respectively, for the respiration study. 
Trees marked "R" were removed before the initiation of the 
study. The statistical design for both the photosynthesis 
and respiration study was a randomized complete block. 
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maintain moderate vegetative vigor. Pruning was done 

whenever necessary to keep the trees from becoming exces

sively large. When pruning was done, the trees were all 

pruned to the same height (approximately five feet) and 

hedge rowed to the same width (about three feet). The 

trees were last pruned in early April 19&5 before the 

experiment was initiated. Beginning in May the plot was 

irrigated at 7 to 10 day intervals for the duration of the 

experiment so water would not become a limiting factor. 

Prior to initiating the study, trees 1, 3j 5? 13» 

15> and 17 (Fig. l) were removed to facilitate working with 

the ones directly involved in this study. End plants 7» 

12, 19, 20, and 24 were also omitted as experimental trees 

for the photosynthesis, carbohydrate and nitrogen study. 

This left three trees per row that could be used. The 

center tree in each row, i.e., trees 4, 10, 16, and 22, 

was removed the day the experiment was started and handled 

as outlined below. These four trees will be designated 

"initial trees" throughout the remainder of this disserta

tion. The remaining two trees in each of the four rows 

were randomly assigned as girdled or control trees. The 

treated trees were girdled with a one-quarter inch double 

bladed grape girdling knife on May l8. The ring of bark 

removed was three inches above the soil. The equivalent 

area on the initial and control trees was designated the 

girdle point. 
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Eight weeks after the girdle was applied.the eight 

trees were harvested. Harvesting was done by removing the 

tree in a ball of dirt two and one-half to three feet in 

diameter and two feet deep. The soil was washed from the 

root zone and the trees taken into the laboratory for 

sectioning and drying. Because of the size of the trees 

and the need to get them sectioned and into the drying ovens 

as rapidly as possible, four trees were harvested on July 

12 and the remaining four on July 13• Harvesting of trees 

was done between 7:00 and 7^30 A. M. 

Trunk circumferences were measured with vernier 

calipers one inch above and one inch below the girdle or 

girdle point on the day the trees were dug. The trees were 

sectioned as follows and then dried at 85°C for 48 hours in 

forced-draft ovens: 

1. Leaves 

2. Green stems 

3. Mature stems 

k. Trunk 12-18 inches above the girdle or girdle point 

5• Trunk 6-12 inches above the girdle or girdle point 

6. Trunk 0-6 inches above the girdle or girdle point 

7« Trunk 0-3 inches below the girdle or girdle point 

8. Root crown 

9. Roots 
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Following drying the individual parts of each tree 

were weighed. The plant material was first ground to 60 

mesh with an Intermediate Wylie mill and then for 12 hours 

in a Ball mill to approximately 200 mesh. Because of the 

time involved and the close proximity of the plant parts, 

the mature stems, trunk 6-12 inches above the girdle or 

girdle point and root crowns were not analyzed for chemical 

constituents• 

Photosynthesis 

Photosynthetic measurements were made according to 

a procedure outlined by Muramoto, Hesketh, and El-Sharkawy 

(1965)* To do this, one shoot developed during the fall 

growth flush was tagged on each of the eight trees. The 

terminal four leaves on each of the shoots were cleaned 

with a dry rag to insure maximum light transmittance and 

gas exchange. The fifth, sixth and seventh leaf was 

removed from each of the tagged branches to eliminate 

possible error in number of leaves to be measured and also 

to^ facilitate clamping the leaf chamber onto the branch. 

A 9" x 7-1/2" x 3-1/2" plexiglass leaf chamber, 

mounted on a tripod, was clamped onto the branch in such a 

way that the four leaves were enclosed inside. Care was 

taken that the upper epidermis was facing the top. A light 

fixture utilizing an 8 inch 22 watt and a 12 inch 34 watt 

fluorescent bulb and a 100 watt incandescent bulb was used 



to maintain light intensities greater than 1000 foot 

candles. After the leaves were fixed inside, the light 

fixture was placed on top of the chamber and the fluores

cent bulbs turned on. Once the leaves became equilibrated 

to the higher light intensities and began to assimilate 

carbon dioxide, as determined by the gas analyzer, the 

incandescent light was turned on. There was generally a 

delay of 2 to k minutes between the time the leaves were 

enclosed in the chamber and when they started to assimilate 

carbon dioxide at a fairly uniform rate. The incandescent 

bulb was not turned on until this time in order to prevent 

excessively high temperatures inside the chamber. The 

measurements which were used to calculate net photosynthesis 

were obtained only after both the fluorescent and incandes

cent bulbs were on. 

Air of approximately 300 ppm carbon dioxide was 

drawn from a 5' x 51 x 8' outside chamber through a 

Scientific Glass Apparatus Company rotometer and finally 

through the leaf chamber. The outside chamber was used as 

an air supply to insure fairly constant carbon dioxide 

concentrations. Air exchange rates of 50-70 liters per 

minute were used. Concentrations of carbon dioxide in the 

air drawn through the leaf chamber were determined by means 

of a Beckman Model 29 Infrared Gas Analyzer. Air samples 

were alternately drawn from the intake and exhaust side of 

the chamber and pumped through the gas analyzer. Samples 
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of air were collected for approximately 30 seconds at the 

intake, 30 seconds at the exhaust, and then the process 

repeated until uniform readings were obtained. Approxi

mately 5 to 7 minutes lapsed between start and finish of 

carbon dioxide assimilation measurements of an individual 

shoot. The analyzer output was fed to a recording 

potentiometer which was adjusted so that one line of the 

recorder equaled a carbon dioxide concentration of 6.7 ppm. 

This difference was amplified 10 times to ease reading from 

the chart. The carbon dioxide analyzer and recorders were 

housed in a camper trailer where constant temperature was 

maintained with a small refrigeration unit. 

Leaf area was measured by tracing outlines of the 

leaves on a hard paper, cutting these traces out, then 

comparing the weight of these cut-outs with the weight of 

2 one dm of paper. 

Net photosynthetic rates (P) expressed as mg carbon 

dioxide assimilated per square dm of leaf area per hour 

— 2  —1 (mg C02*dm *hr ) were calculated as follows: 

(i) p = ( A co2*f*K)/A 

where A "*'s change in concentration of 
between intake and exhaust expressed as lines 
on the potentiometer chart. 

F is the air flow through the chamber (l/min). 

K is a constant which converts liters of carbon 
dioxide to mg carbon dioxide and the air flow rate 
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to standard conditions. It also takes into con
sideration the concentration of carbon dioxide per 
line on the potentiometer chart and amplification 
of the potentiometer. K for this experiment was 
0.072^ mg CO^*min/l'line«hr (Appendix). 

, 2, A is leaf area (dm ). 

Earlier trials showed that trees assimilated carbon 

dioxide at a maximum rate between 6:00 and 8:30 A. M. , at 

least during May. After 8:30 A. M. carbon dioxide uptake 

was reduced and by 9:30 A. M. photosynthetic rates were 

-2 -1 very 1ow—in the range of 0.5 mg CO^'dm *hr . Conse

quently all measurements were made between 7:00 and 8:00 

A. M. Leaf temperatures remained between 25° and 35°C 

without cooling the air which was drawn through the chamber. 

Photosynthesis measurements were made on two consecutive 

days in each week for the eight week duration of the experi

ment. Measurements made before the beginning of the experi

ment were an exception in that they were made five days 

apart. 

Analyses of variance were run on the l6 values 

obtained each week. Because the rows and treatments were 

fixed rather than random, the residual error mean square 

was used to test treatment effects (Snedecor 1956). At the 

conclusion of the experiment a factorial analysis including 

weeks as the third factor was computed. 
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Respiration 

Originally it had been planned to utilize the same 

leaves and equipment to study respiration that was used to 

measure carbon dioxide assimilation. However, the flow 

rate of air drawn through the leaf chamber could not be 

slowed down enough, and the chamber could not be made dark 

enough to adequately measure carbon dioxide evolution. 

Consequently an alternative method was used. 

Manometric techniques measuring oxygen uptake by 

leaf discs similar to that described by Ford (1953) was 

used. It was felt it might be detrimental to the rest of 

the experiment to remove a large number of leaves from the 

trees involved, so the six original end trees remaining in 

the plot were used for the respiration study. The six 

trees were randomly divided between the two treatments with 

at least one girdled and one control plant on either end of 

the plot (Fig. l). 

On the same day photosynthesis measurements were 

made, two shoots sections, each with two leaves attached, 

were removed from each of the six trees and brought into 

the laboratory. Utilizing a cork borer, eight 8 mm 

diameter leaf discs were removed from each shoot, hence 

16 leaf discs were obtained from each tree. These were 

placed in water and gently shaken for one hour to remove 

protoplasm from cells injured during cutting. The upper 

rim of the center well in a manometer flask was greased and 
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0.2 ml of 30% potassium hydroxide added to absorb carbon 

dioxide released. A small piece of folded filter paper was 

placed in the well to increase the surface area of the 

potassium hydroxide. Also 3 drops of water was placed in 

the bottom of the flask to prevent the leaf discs from 

moving about during the meastiring period. 

Of the l6 discs from each plant, l4 were equally 

divided between two manometer flasks. Since the majority 

of stomates are located on the abaxial surface of citrus 

leaves (Webber and Batchelor 19^6) the discs were placed in 

the flasks with the lower epidermis exposed. 

Oxygen uptake was then measured according to 

procedures outlined by Umbreit, Burris, and Stauffer 

(1964). The constant temperature water bath of a 20 flask 

Gilson Warburg apparatus was set at 35°C. The flask change 

and the thermobarometer change was determined for a two-

hour period. 

Respiration rates for leaf discs in each of the 

flasks were calculated as follows: 

(2) R = C • k • ^ mm. 

where R is the respiration rate expressed as mg oxygen 
uptake per square dm of leaf area per hour 
(mg 0o•dm~2•hr~l). tL 

C is a constant which converts ^1 oxygen to mg 
oxygen. It also includes the leaf area measured 
and the length of time readings were made. C for 
this experiment was 2.03 x 10-2 mg 0_/|Il 0 • dm2.hr 
(Appendix). 
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k is the flask constant derived according to 
procedures described by Umbreit, Burris, and 
Stauffer (1964). 

A nun is the change in mm of Brodie's manometer 
fluid of the flask corrected for thermobarometer 
change. 

The two values obtained per tree per day were 

averaged and this average then used for statistical 

analyses. Analyses of variance and factorial analysis such 

as those computed in the photosynthesis study were run. 

Soluble Sugars 

Between 3 and k grams of the dried and ground plant 

material were extracted with 80% ethanol for 24 hours in a 

Soxhlet extraction apparatus. Following extraction, the 

ethanol was evaporated from the extract under reduced 

pressure at 55°C. The residue was transferred to a 100 ml 

flask and freeze-dried for 16 hours. Five ml water (stem 

and root residue) or 10 ml water (leaf residue) was added 

to the dried extract to bring the residue into suspension. 

This suspension was then centrifuged for 2 hours at 

klOO x G. The supernatant was used for quantitative paper 

chromatographic determinations of alcohol soluble carbo

hydrates . 

A procedure similar to that described by Whistler 

and BeMiller (1962) was used for chromatography. Whatman 

No. 1 filter paper was cut into strips 23 x 50 cm with the 



bottom of the paper serrated to facilitate flow of the 

developing irrigant. Two vertical lines were drawn on the 

paper, one line on either side k cm from the edge. Two 

horizontal lines were also drawn, one 6 cm from the top and 

the other 10 cm from the top. In preliminary tests it was 

found that glucose was the sugar in limiting quantities. 

Hence, it was imperative that an aliquot containing more 

than 25 M-g of glucose was applied to the center section on 

the 10 cm line. In the case of leaf extract, 186.5 ̂ 1 was 

applied while 373-0 M-l of stem or root extract was streaked 

on the paper chromatogram. The streak was applied with the 

aid of a Research Specialties Co. chromatography sample 

applicator and micropipet. The sample streak was applied 

in such a way that it did not come closer than 1.5 cm to 

the boundary line of the center section of paper. A small 

amount of extract was spotted in each of the outer sections 

to be used as locator strips (Fig. 2). It was found in 

earlier trials that if one spot from a 25 ^1 pipet was 

applied in the outer sections for every two streaks made in 

the center section, the sugar spots and streak would run 

the same distance on the chromatogram. After the spots and 

streak of extract were air dried the chromatograms were 

placed in a 12" x 12" x 24" glass tank for developing by 

descending chromatography. 

Ethyl acetate, pyridine and water (8:2:1 v/v) was 

used as a developing irrigant. The chromatograms were 
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Figure 2. Schematic drawing of a chromatogram 

Spots and streak of plant extract are shown at "a." 
Spots "b," "c," and "d" represent spots of sucrose, glucose 
and fructose, respectively, after the outer portions of the 
chromatogram were removed and the sugar spots developed in 
aniline hydrogen phthalate. Sections "e," "f," and "g" 
represent the areas which contained sucrose, glucose and 
fructose, respectively. Sections "e," "f," and "g" are the 
parts of the chromatogram which were removed, cut into 
small segments, and from which the sugars were eluted for 
quantitative analysis. 



allowed to develop for 36 hours at room temperature. After 

the irrigated papers were thoroughly air dried, the locator 

strips were cut off and dipped in an aniline hydrogen 

phthalate reagent and heated in a forced-draft oven at 

110-120°C for five minutes to develop the sugar spots. The 

aniline hydrogen phthalate reagent was prepared by dissolv

ing 33*2 gm phthalic acid per liter of water saturated 

n-butanol. Fifty ml of this solution was then mixed with 

50 ml ethyl ether and 2 ml aniline just prior to use. The 

locator strips were replaced from where they were cut and a 

line drawn across the chromatogram three cm above and three 

cm below the sugar spot in the outer portions of the 

chromatogram. The 6 cm strip containing the sugar in the 

center portion of the chromatogram was then excised. 

Portions of the chromatogram containing the sugars 

from the plant extract were cut into 2-3 cm square pieces, 

placed in a 100 ml beaker, and 10 ml water added. The 

sugars were eluted from the chromatograms by gently shaking 

the paper pieces in the water for one hour. The eluate was 

then filtered through glass wool. 

Two ml of 1.5% p-aminobenzoic acid in acetic acid 

and 2 ml of 1.3% phosphoric acid in acetic acid was added 

to a 0.5 ml aliquot from the glucose or sucrose segment of 

the chromatogram. The mixture was heated in a boiling 

water bath for exactly one hour and then allowed to cool to 

room temperature. Absorbance of the solutions was measured 
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at 360 mp. with a Gilford spectrophotometer equipped with a 

Beckman D. U. monochromator. 

Colorimetric determination of fructose was done by 

a modified procedure of that described by Whistler and 

BeMiller (1962). One ml of 8% aqueous phenol was added to 

a 2.0 ml aliquot from the fructose segment of the chromato-

gram. Then 5 ml of concentrated sulfuric acid was added 

rapidly from a wide bore pipet. The mixture was shaken and 

allowed to cool to room temperature. The absorbance of the 

dark yellow solution was then read at 490 m|l with the 

instrument mentioned above. 

The optical densities of the solutions were con

verted to mg sugar per gram dry weight of plant material. 

Starch 

Starch determinations were made according to a 

procedure developed by Nielson (19^5) and modified by 

Sharpies (19^8). 

Residue from the sugar extraction was dried and 

transferred to a 50 ml beaker. The dry material was 

brought into suspension with 8 ml water and one drop of 

1-pentanol. The suspension was shaken for one hour to 

insure thorough wetting of the plant material. Exactly 

6.50 ml of 60% perchloric acid was added drop wise to the 

suspension. The mixture was kept in constant motion while 

adding the perchloric acid to prevent localized high 
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concentrations of the -acid which would quickly hydrolyze 

the starch. The suspension was transferred to a 50 ml 

volumetric flask, made to volume, and mixed thoroughly. 

This was centrifuged at 4l00 x G for one hour to remove 

insoluble material. 

A 2 ml aliquot of the supernatant was transferred 

to a 100 ml volumetric flask and 5 ml water and one drop 

0.05% phenolphthalein added. The solution was brought to 

a pink color with 2N sodium hydroxide. Enough 2N acetic 

acid was added to just cause the pink color to disappear, 

and then an excess of 2.5 ml added. 

The characteristic blue color of a starch/iodine 

complex was developed by first adding 0.5 ml of 10% 

potassium iodide and then 5*0 ml of 0.01N potassium iodate. 

The solution was allowed to set for five minutes for full 

color development and then made to volume. The absorbance 

of the solutions was measured at 6^6 m|! on the spectro

photometer mentioned above. Results were computed as mg 

starch per gram dry weight of plant tissue. 

Nitrogen 

Total nitrogen was determined by a micro-Kjeldahl 

method as described below. A 25 to 30 mg plant sample was 

weighed on a piece of cigarette paper and transferred to a 

30 ml micro-Kjeldahl digestion flask. About 3 mg of 

selenium dust and 5 mg of a copper sulfate-sodium sulfate 



(3:1) mixture was added. After adding 1 ml concentrated 

sulfuric acid to the flask, the mixture was digested for 

minutes. Following digestion the mixture was cooled and 

3 ml water added to the flask. The digested sample was 

transferred to a Kirk type distillation flask along with 

10 ml of 30% sodium hydroxide. 

The ammonia liberated during distillation was 

collected in a 50 ml flask containing 8.00 ml of 2% boric 

acid and 3 drops of a methyl red-methylene blue indicator 

The indicator solution was prepared by dissolving sepa

rately 125 mg methyl red and 82.5 mg methylene blue per 

50 ml ethanol. The two indicator solutions were then 

mixed together. The collected ammonia was then back 

titrated with 0.01N hydrochloric acid and total nitrogen 

calculated as mg nitrogen per gram dried plant material. 



RESULTS AND DISCUSSION 

Vegetative Growth 

Weights and standard deviations of the various 

plant parts are given in Table I. As can be seen the 

variation is high and because of this there were no 

statistical differences between treatments. There were, 

however, several tendencies which warrant discussion. 

There was an increase in weight of all plant parts 

during the eight week duration of the experiment. This 

increase in weight was found in girdled as well as in 

control trees. Generally, however, the percentage increase 

was not as great in girdled as in control trees (Table II). 

For example, the plant part which showed the greatest 

increase in weight was green stems. There was a 68% 

increase in girdled trees but a 98% increase in control 

trees. This same phenomenon occurred with leaves where 

there was a 35 and 86% increase in girdled and control 

trees, respectively. The increase in weight of leaves and 

green stems was due mainly to a growth flush which began on 

June 1. Observations made at that time indicated about 

equal numbers of growing points developed on girdled and 

control trees. Apparently, though, the new shoots did not 

attain the same extent of growth on girdled as on control 

trees. 
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Table I. Weights and trunk circumferences, and their 
respective standard deviations, of various parts 
of initial, control and girdled Lisbon lemon 
seedlings. 
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Treatment 

Initial Control Girdle 

Plant Part Weight (gm) 

Leaves 159*5+26.1 296.6+103.1 214.8+49.9 

Green Stems 94.2+35*2 187.O+ 87.7 158.7+61.8 

Mature Stems 112.8+̂  8.9 166.3+, 64.0 171>5+55*9 

Trunk 12-18 Above 30.1^ 9*8 38.5+ 8.1 37*6+^ 3*6 

Trunk 6u-12 Above 37*3+. 2.2 47.3+ 17-5 57*31.24.6 

Trunk 0"-6" Above 35-7+. 4.4 50.4^ 13.8 53*0+14.4 

Trunk 0"-3" Below 23*7+ 3*4 29*0+ 7*3 24.6+^ 8.4 

Root Crown 55*5+. 18.1 40.2+15*4 
92.3+10.6 

Roots 57*6+^ 10.0 55.6^18.6 

Entire Plant 585*7+74.7 928.2+286.4 813*2^29*3 

Trunk Circumference (cm) 

One inch above 
girdle or girdle 3*21j^0.55 3*39+0.76 
point 

One inch below 
girdle or girdle 3*24+0.55 3*23^0.76 
point 
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Table XI. Percentage change in weight of various parts of 
control and- girdled Lisbon lemon seedlings. 

Treatment 

Plant Part Control Girdle Girdle 

Per cent change 
from initial 

Per cent change 
from control 

Leaves + 86 + 35 -28 

Green Steins + 98 +68 - 1 5  

Mature Stems + 47 +52 + 3 

Trunk 12-18 Above + 28 + 25 - 2 

Trunk 6"-12 Above + 27 + 54 + 21 

Trunk 0"-6" Above + 4l +48 + 5 

Trunk 0"-3" Below + 22 + 4 -15 

Root Crown 

Roots 
+ 22 + 4 

co tM l 
1 

Entire Plant + 58 + 39 -12 
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Weight increases in mature stems and trunk above 

the girdle and girdle point of control trees was about 

equal. There were increases of 52 and respectively, 

in mature stems of girdled and control trees with respect 

to mature stems of initial trees. In the trunk areas 12-18 

inches above, 6-12 inches above and 0-6 inches above the 

girdle there were weight increases of 25 versus 28%, 5k 

versus 27% and ^8 versus 4bl%, respectively, in girdled and 

control trees relative to the equivalent portions of 

initial trees. There was however, a tendency for growth to 

be less below the girdle than below the girdle point. The 

trunk area 0-3 inches below the girdle and roots of girdled 

trees increased only 4% during the eight-week period, 

whereas the increase was 22% for the equivalent areas below 

the girdle point of control trees. 

For the tree as a whole there was approximately a 

40% increase in weight of girdled trees and about a 60% 

increase in weight of control trees relative to initial 

trees. 

Also it should be noted from Table I that there 

were no differences in trunk circumferences of girdled and 

control trees. 

It should not be surprising that growth was not 

statistically altered during the course of the experiment. 

First there is an inherent difference in growth of trees 

even when clonal material is used. Because of this 



variation, large differences would have to be observed 

before statistical differences could be shown. Second, for 

trees of this size one would expect there would be adequate 

assimilates to maintain the trees at equilibrium for a 

certain period of time after a treatment was applied. For 

these reasons it is the author's opinion that eight weeks 

would not be a long enough period of time to show differ

ences in such a gross measurement as tree weight. 

Xt is fairly evident, though, that while there were 

no statistical differences, there was a strong tendency for 

girdling to reduce vegetative growth. This is in agreement 

with data presented by Crane and Campbell (1957) for 

apricot trees, by Ghayur and Khan (1962a) for mandarin 

trees and by Batjer and Westwood (1963) for apple trees. 

Naude (195&) found that when rooted lemon cuttings were 

girdled with as wide a girdle as was used on the trees in 

this study, there were no visible signs of growth and most 

of the leaves turned yellow and abscissed. The plants he 

used, though, were less than two months from cuttings when 

girdling was done. Consequently, those plants would not 

have the stored respiratory substrates to maintain them for 

a period of time as did the trees used in this study. 

However, when Naude girdled the rooted lemon cuttings by 

making only a single knife blade cut through the bark and 

phloem, the plants acted very similar to those in the 

present work. That is, over a two month period of time 



there -was only a tendency for vegetative growth to be 

reduced by girdling. 

As noted previously trees other than those removed 

for chemical analyses were used for the respiration study. 

Of the three girdled trees used in the respiration study, 

the girdle was kept open on two of the trees while it was 

allowed to heal on the third one. These trees plus the 

three control trees were observed until mid-January when 

they were discarded. The control trees and the tree on 

which the girdle healed had several flushes of growth 

between May and January. At the end of this time there 

were no apparent differences between the three control 

trees and the tree on which the girdle had healed (Fig. 3). 

The two trees on which the girdles were kept open had only 

the one flush of growth beginning on June 1. Furthermore, 

most of the leaves on these two trees had turned yellow 

and abscissed by mid-December (Fig. 3)* It was obvious 

that the two trees on which the girdle had been kept open 

for eight months would have been killed by the girdle had 

they not been removed from the soil. The appearance of the 

two girdled trees apparently was similar to the appearance 

of the rooted lemon cuttings on which Naude (1958) applied 

a one-eighth inch girdle. Rodney (1966) found that if only 

a single knife cut girdle was applied to mature lemon trees 

the wound would heal in a fairly short time and the trees 

would appear normal. However, if as little as one-eighth 



Figure 3» Photographs illustrating girdled and 
control Lisbon lemon seedlings 

A and B illustrate Lisbon lemon seedlings on which 
a girdle was kept open for eight months. C illustrates a 
Lisbon lemon seedling on which the girdle was allowed to 
heal. D illustrates a control Lisbon lehion seedling. All 
photographs were taken the same day. 
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of an inch of bark was removed the wound would dry out, no 

callous tissue was formed and the trees declined rapidly. 

Eventually the trees declined to the point where they 

appeared similar to trees affected with phloem neucrosis 

and shortly thereafter were killed by the girdle. Shamel 

and Pomeroy (193&) also found results similar to these. In 

their study they used a single knife cut on mature Washing

ton Navel orange trees. Apparently, for the first six to 

eight years of successive girdling the wounds healed 

rapidly and no noticeable effects on vegetative growth were 

observed. However, by girdling beyond this time the trees 

had been devitalized to the point where the girdles would 

no longer heal properly. It was then that vegetative 

growth was measurably affected. 

From the results of this study as well as those by 

Naude (1958), Shamel and Pomeroy (1936), and Rodney (1966), 

it is apparent that width of the girdle, time of the year 

when trees are girdled, the number of times the trees are 

girdled, and the ability of the wound to heal rapidly 

determine the extent to which vegetative growth is affected. 

Perhaps this explains why some workers have reported 

adverse affects, while others have reported no effects on 

vegetative growth due to girdling. 
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Photosynthesis 

Weekly values obtained from photosynthesis measure

ments are presented in Table III and Figure 4. 

Carbon dioxide assimilation by leaves of girdled 

trees started at a slightly higher level than by those of 

control trees. By the second week this had changed and for 

the rest of the experiment net photosynthesis by girdled 

trees was consistently lower than by control trees. During 

the sixth and eighth weeks, the reduction in net photo

synthesis by girdling was statistically significant. Net 

photosynthesis by both the girdled and control trees 

started at a fairly high level and remained so for the 

first four weeks. There was a rapid reduction in carbon 

dioxide assimilation the fifth week followed by a slight 

increase and then another large reduction in the seventh 

week. There was a slight increase again during the eighth 

week so that carbon dioxide assimilation was 5*35 and 6.73 

-2 -1 mg CO^'dm *hr for girdled and control trees, respec

tively. Hence, the net photosynthetic rate of girdled 

trees was 20% less than that of control trees. 

The average carbon dioxide assimilation for the 

entire eight week period for girdled and control trees was, 

— 2 — 1 respectively, 6.89 and 7.55 mg COg-dm »hr . Thus, there 

was a significant reduction of 9% for the duration of the 

experiment as a result of girdling the trees. 



Table III. Photosynthetic and respiratory rates of control and girdled Lisbon 
lemon seedlings 

Weeks After Treatment 

Treatment 0 1 2 3 4 5 6 7 8 Ave. 

Photosynthesis (Mg < C02 ' Dm
-2 • Hr-1) 

Control 7-51 8.18 8.20 8.13 8 .56 6.67 7.84 6 .11 6 • 73 7 • 55 

Girdle 7.92 8.26 7.71 7.86 7 . 94 6 .23 6.36 4.4 0 5 • 35 6 .89 

Significance NS NS NS NS NS NS * NS * * 

Photosynthesis (Per Cent of Control) 

Girdle 105 101 94 97 93 93 81 72 80 91 

Respiration (Mg 0, 2 • * i~
2 • Hr - 1 )  

Control 1.08 0.82 0.93 0 .78 0.65 0.83 0.78 0 .87 0 .84 

Girdle 0.94: 0.74 0.76 0 .72 0.89 0.75 0.77 0 .67 0 • 78 

Significance NS NS NS NS NS NS NS NS NS 

* Indicates significance at 5% level. 
NS Indicates no significance. 
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In Table III and Figure 5» net photosynthetic rates 

of girdled trees expressed as a per cent of that in control 

trees is presented. From these data it can be seen there 

was a linear reduction in net photosynthesis during the 

eight week period due to girdling. 

The reduction in net photosynthesis as a result of 

girdling the trees is in direct agreement with what has 

been found for apple trees (Heinicke 1932) and pecan trees 

(Loustalot 19^3). Loustalot found a much greater reduction 

in net photosynthesis than was found in this study, how

ever. He found a 60% reduction as early as the second day 

after girdling, and a maximum reduction of about 95% 38 

days after girdling. In this study a maximum reduction of 

28% was noted after ^9 days and a 20% reduction after 56 

days. Loustalot pointed out that when photosynthesis 

measurements were made in the mornings, reductions in 

carbon dioxide assimilation were less than when measure

ments were made in the afternoon. Since his work was done 

at Brownwood, Texas during the months of June and July it 

could be assumed that high temperature and low humidity 

intensified the reduction. The present study was conducted 

in a greenhouse and measurements were made between 7:00 and 

8:00 A. M. By making the measurements this early in the 

morning the ambient air temperatures generally remained 

below 30°C with a humidity between 75 and 80%. It is felt 

these environmental differences are partially responsible 
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for the differences noted in these two studies. It should 

also be remembered that Loustalot used trees of a different 

crop than was used in the present study. 

Loustalot gave several possible explanations for 

the observed reduction in photosynthesis. He found that 

respiration rates of leaves on girdled trees were as much 

as 50% greater than on control plants. Since he was 

measuring net photosynthesis this increase in respiration 

would be partially responsible for the reduction in carbon 

dioxide assimilation. It has been observed in several 

instances that carbohydrates accumulate in leaves of 

girdled trees (Kraybill 1923? Green 1937 * Murneek 19^1, 

Khan and Ghayur 1963b). Loustalot felt that accumulation 

of photosynthates may have partially caused the reduction 

in carbon dioxide assimilation. An accumulation of carbo

hydrates could reduce photosynthesis in two possible ways. 

In most chemical reactions an accumulation of the products 

will slow down the rate of reaction. Since carbohydrates 

are the end product of photosynthesis, the reaction would 

be slowed down as a result of a mass action effect. One 

theory on opening of guard cells depends on a fairly large 

diffusion pressure deficit in guard cells relative to that 

of surrounding epidermal cells. Water moves into the 

guard cells, thus increasing their turgor pressure which in 

turn results in opening of the stomatal aperature. If, 

however, the osmotic pressure of epidermal cells was 
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increased, because of accumulated carbohydrates, the large 

diffusion pressure deficit between guard cells and the 

contiguous cells would not exist. This, then, would 

restrict stomatal opening, possibly reduce carbon dioxide 

entrance into the leaf and hence reduce carbon dioxide 

assimilation. Loustalot's third theory was that a possible 

nutrient deficiency in leaves limited the photo-chemical 

reaction. To quote him: 

It has been demonstrated by Curtis (1923) and 
others that phloem is the probable tissue through 
which minerals and elaborated foods are normally 
translocated. Therefore, it might be expected 
that the removal of a ring of bark from the stem 
would interfere with the movement of mineral 
elements into the leaves above the ring and 
thereby limit the rate of photo-chemical reaction. 

Even though it has been shown since then that 

mineral elements are normally translocated to leaves via 

the xylem, his conclusion, nevertheless may be correct. It 

has been shown many times that girdling does reduce the 

nitrogen content in leaves (Clements and Engard 1938, 

Wallace and Mueller 195&? Ghayur and Khan 1962d, Batjer and 

Westwood 1963). It could be possible that a reduction in 

nitrogen may have limited photosynthesis even though a 

visual nitrogen deficiency did not appear either in 

Loustalot's study or in the present study. In his work, 

Loustalot also found that transpiration was greatly 

reduced. He felt it was possible that a water deficit 

occurred although there were no indications of wilting. In 
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trying to explain the reduction in transpiration he made 

the following statement: 

However, it is probable that increased rate of 
respiration or accumulation of photosynthate 
might produce sufficient chemical changes in the 
guard cells to cause the stomates to be partly 
or completely closed, which would cause a reduc
tion in transpiration rate. 

If the stomates were "partly or completely closed," carbon 

dioxide uptake by the leaf would be reduced. Thus it 

would seem that carbon dioxide assimilation as well as 

transpiration would be reduced. 

There seems to be, then, three possible explana

tions for a reduction in photosynthesis caused by girdling: 

(a) accumulation of carbohydrates slowing down the rate of 

reaction because of a mass action effect, (b) limitation of 

carbon dioxide uptake due to a closing of stomates, and/or 

(c) slight water or nutrient deficits. 

Respiration 

Respiration rates for girdled and control trees are 

given in Table III. 

There were no significant differences in respira

tion rates between girdled and control trees in any of the 

eight weeks. There was a general tendency for respiration 

to be lower in leaves of girdled than of control trees. 

Measurements made during the fifth week were an exception 

in that respiration was higher in leaves of girdled trees. 



The tendency for respiration to be lower in leaves 

of girdled trees is in direct contrast to what was found by 

Loustalot (19^3)• He found that respiration of leaves on 

girdled pecan trees was 10%.greater the afternoon of the 

day girdling was done. The rate then increased steadily 

until it was 5^% above normal on the 38^ day after girdling. 

It is felt the respiration data obtained in this 

study are not valid. Leaves were collected in the green-
\ 

house, transported five miles, leaf discs cut, and the 

discs shaken in water for one hour before they were put 

into the manometer flasks. There are several inherent dis

advantages in this procedure. First is the time factor 

involved. There was approximately a two hour lag between 

removal of leaves from the plant and beginning of respira

tion readings. It would be expected that many metabolic 

changes would occur during this interim so that results 

obtained would be quite different from what actually was 

occurring in leaves on the intact tree. A second problem 

was that respiration of the entire leaf was not measured. 

When leaf discs are used several problems can be envisioned 

For example, how many discs per leaf should be used, how 

large should the discs be, what percentage of the disc is 

vascular tissue, etc.? A third problem encountered is that 

an individual leaf can only be used once. Each time 

respiration measurements were made different leaves had to 

be used. With citrus this can be a distinct disadvantage. 



It is very difficult to determine leaf age. Consequently 

respiration measurements were probably made on leaves of 

varying age. A fourth problem is that by cutting the leaves 

into discs, the respiration rates measured are for an 

injured tissue. In this study an attempt was made to reduce 

this error by washing the discs to remove protoplasm from 

cut cells. However, it would seem that cutting discs from 

leaves would also damage or alter metabolism of intact 

cells. 

In an earlier experiment, attempts were made to cut 

stem pieces having four to six leaves from the trees, bring 

them into the laboratory and measure carbon dioxide assim

ilation with a Beckman Model 29 Infrared gas analyzer. It 

was found that by 9130 A. M. no carbon dioxide uptake could 

be measured. Further examination showed that by this time 

most of the stomates had closed. It is probable the 

stomates may have also been partially or completely closed 

on the discs during the time measurements were being made, 

although no observations were made. 

For these reasons it is felt the results of this 

portion of the study are open to criticism. 
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Chemical Constituents 

Glucose 

Glucose concentrations and percentage change for 

initial, control and girdled trees are presented in Table 

IV. 

Control Versus Initial Trees 

As can be seen there was a tendency for glucose 

concentrations of various parts of control trees to 

decrease with time except for the trunk area 0-6 inches 

above the girdle point. The only statistically significant 

change was in leaves where the glucose content of control 

trees was 51% less than in leaves from initial trees. 

Changes in glucose concentrations were very similar in 

green stems, trunk area 12-18 inches above the girdle 

point, 0-3 inches below the girdle point and in roots 

where a 21 to 26% reduction occurred in control trees. 

There was a non-significant increase of 15% in glucose in 

the trunk 0-6 inches above the girdle point. 

Girdled Versus Initial Trees 

There were statistically significant reductions of 

23 and 53% in the leaves and trunk 0-6 inches above the 

girdle, respectively, in girdled trees. There was a 

statistically significant increase in green stems such that 

girdled trees had 65% more glucose in this plant part than 



Table IV. Glucose concentration and percentage change of various parts of 
initial, control and girdled Lisbon lemon seedlings. 

mg/gm dry plant material 
Per cent change 
from initial 

Per cent change 
from control 

Treatment Initial Control Girdle Control Girdle Girdle 

Leaves 12.38c i/ 6 .o8a 9.^9b -51 -23 + 56 

Green Stems 4.76s 3 .6la 7.86b -24 +65 + 118 

Trunk 12"-l8" 
Above 3.26a 2.59a 2.59a -21 -21 0 

Trunk 0"-6" 
Above 1.96b 2.26b 0.93a +15 -53 - 59 

Trunk 0"-3" 
Below 1.94a H

 
• to
 

H
 

1.83a -26 +12 + 51 

Roots 2.4oa 1.83a 2.28a -2k - 5 + 25 

Numbers with different superscript letters are statistically different at the 
5% level. 

ui 



did initial trees. There was a tendency for glucose to be 

slightly lower in the trunk 12-18 inches above the girdle 

and in roots, and slightly higher in the trunk 0-3 inches 

below the girdle in girdled trees. 

Girdled Versus Control Trees 

Girdling resulted in a statistically significant 

increase in glucose concentration in both the leaves and 

green stems. The increase was much greater in green stems, 

however, as there was a 56 and 118% increase in leaves and 

green stems, respectively. There was no change in glucose 

content in the trunk 12-18 inches above the girdle, but a 

59% decrease occurred in the trunk 0-6 inches above the 

girdle in girdled trees compared to control trees. The 59% 

reduction was significant and as will be explained later, 

it is felt tlje reduction was due to polymerization of 

glucose to starch. In girdled trees there was 51 and 25% 

more glucose in the trunk 0-3 inches below the girdle and 

in roots, respectively, compared to control trees. Because 

there was a decrease in starch in these parts of girdled 

trees, it is felt the increase in glucose was a result of 

starch hydrolysis. 

Fructose 

Fructose concentration and percentage changes are 

presented in Table V. 



Table V. Fructose concentration and percentage change of various parts of 
initial, control and girdled Lisbon lemon seedlings. 

mg/gm dry plant material 
Per cent change 
from initial 

Per cent change 
from control 

Treatment Initial Control Girdle Control Girdle Girdle 

Leaves 7.8oa 5. 8oa 7.1^a -26 - 8 + 23 

Green Stems 3-55a 4. 30a 8.49b + 21 +139 + 97 

Trunk 12"-18" 
Above 2.l4a 2.55a 1.73a +19 - 19 -32 

Trunk 0"-6" 
Above 1.79b 2.10b 0.88a +17 - 51 -58 

Trunk 0"-3" 
Below 1.49a 1.60a 2.73a + 7 + 83 + 71 

Roots 1.50a l. 7la 2.60a +14 + 7 + 52 

—^ Numbers with different superscript letters are statistically different at the 
5% level. 



Control Versus Initial Trees 

There were no significant changes in fructose 

concentrations in control trees during the eight week 

period. Contrary to what was found for glucose, there was 

a tendency for fructose concentration to increase during 

this period of time. Leaves were an exception in that at 

the end of the experiment leaves from control trees con

tained 26% less fructose than leaves from initial trees. 

Girdled Versus Initial Trees 

The statistically significant changes were a 139% 

increase in green stems and a 51% decrease in the trunk 0-6 

inches above the girdle in girdled trees. There was a 

tendency for fructose to decrease in the leaves and trunk 

12-18 inches above the girdle and to increase in the two 

areas below the girdle on girdled trees. 

Girdled Versus Control Trees 

There was a slight but non-significant increase in 

fructose concentration in leaves of girdled trees compared 

to control trees. As with glucose, the greatest change in 

fructose concentration occurred in green stems where a 

statistically significant increase of 97% was found in 

girdled trees compared to control trees. A 32% reduction 

in fructose occurred in the trunk 12-18 inches above the 

girdle compared with the equivalent portion of control 

trees. A statistically significant reduction of 58% 



occurred in the trunk area 0-6 inches above the girdle on 

girdled trees compared to the same trunk area of control 

trees. 

There was a 71 and 52% increase in fructose in the 

trunk 0-3 inches below the girdle and in roots, respec

tively, in girdled compared with control trees. Although 

these increases were not statistically significant it did 

indicate a tendency for fructose to accumulate below the 

girdle. 

As with changes in glucose, it is felt the changes 

in fructose concentrations were closely associated with 

changes in starch concentrations. 

Sucrose 

Data pertaining to sucrose content and changes in 

initial, control and girdled trees are presented in Table 

VI. 

Control Versus Initial Trees 

Except for green stems and roots, there was a 

tendency for sucrose content to decrease in all parts of 

control trees during the eight weeks of the experiment. 

There was a 2*t, 25 5 12, and 2k% decrease in leaves and 

trunk zones 12-18 inches above, 0-6 inches above, and 0-3 

inches below the girdle point, respectively, in control 

trees. During the same period of time there was, respec

tively, an 8 and 25% increase in green stems and roots of 



Table VI. Sucrose concentration and percentage change of various parts of 
initial, control and girdled Lisbon lemon seedlings. 

mg/gm dry plant material 
Per cent change 
from initial 

Per cent change 
from control 

Treatment Initial Control Girdle Control Girdle Girdle 

Leaves 2k.5ea y l8.7^a 19 • 99a -2k -19 + 6 

Green Stems 19.6la 21.13a 33•51b + 8 + 71 +59 

Trunk 12"-l8" 
Above 17-67ab 13.2ka 20.56b -25 + 16 + 55 

Trunk 0"-6" 
Above 16.47a lk.kya 17 .64a -12 + 7 + 22 

Trunk 0"-3" 
Below 16 .76a 12.72a 15.23s -2k - 9 + 20 

Roots 2l.37a 26.77a 31.3^a + 25 +k7 +17 

Numbers with 
5% level. 

different superscript letters are statistically different at the 

\ji 
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the control trees. None of the differences between initial 

and control trees were statistically significant. 

Girdled Versus Initial Trees 

Sucrose in girdled trees tended to increase during 

the experiment. Changes in the leaves and trunk 0-3 inches 

below the girdle were exceptions to this. There was a 

statistically significant increase of 71% in. green stems of 

girdled trees compared to initial trees. 

Girdled Versus Control Trees 

Sucrose content of all parts of girdled trees was 

higher than equivalent parts of control trees. Sucrose in 

the green stems and trunk 12-18 inches above the girdle was 

59 and 55% higher, respectively, in girdled trees. These 

differences were statistically significant. The increases 

in sucrose in other plant parts as a result of girdling 

ranged from 6 to 22% and were only tendencies as they were 

not statistically significant. 

As with changes in the monosaccharides, changes in 

sucrose seemed to be closely associated with changes in 

starch. 

Total Sugars j 

Since 60 to 90% of the total sugars was sucrose, 

changes in total sugars closely parallel changes in sucrose. 

These data are presented in Table VII. 



Table VII. Total sugar concentration and percentage change of various parts of 
initial, control and girdled Lisbon lemon seedlings. 

mg/gm dry plant material 
Per cent change 
from initial 

Per cent change 
from control 

Treatment Initial Control Girdle Control Girdle Girdle 

Leaves kk.7^a 30.62a 36.62a -32 -18 + 20 

Green Stems 27-92a 29-04a 49.85b + k + 78 +70 

Trunk 12"-l8" 
Above 23.07ab l8.38a 24.88b -20 + 8 + 35 

Trunk 0"-6" 
Above 20.22a l8.84a 19.46 a - 7 - k + 3 

Trunk 0"-3" 
Below 19.88a 15•5^a l9-79a -22 0 + 27 

Roots 25.26a 30.32a 36.22a + 20 -Mi 3 + 19 

N uhi b o r « w i 1,11 
5% level. 
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Control Versus Initial Trees 

As with sucrose content, total sugar content of 

control trees decreased in leaves and trunk areas 12-18 

inches above, 0-6 inches above, and 0-3 inches below the 

girdle point between the start and end of the study. There 

was a slight increase in total sugars in green stems and 

roots of control trees during the same interim. 

Girdled Versus Initial Trees 

In girdled trees, changes in total sugars in leaves, 

green stems and trunk 12-18 inches above the girdle during 

the course of the experiment were very similar to changes 

in sucrose. There was a slight decrease in the leaves, a 

statistically significant increase in green stems and only 

a slight increase in the trunk 12-18 inches above the 

girdle. Contrary to changes in sucrose, there was a slight 

decrease in total sugars in the trunk 0-6 inches above the 

girdle during the eight week duration of the experiment. 

This decrease can be attributed to large decreases in 

glucose and fructose in this portion of the tree. Even 

though sucrose decreased slightly in the trunk 0-3 inches 

below the girdle, glucose and fructose increased enough in 

this area of the trunk so there was no change in total 

sugars. Because of the increases in fructose and sucrose 

in the roots of girdled plants, total sugars also increased 

during the eight weeks. These changes were only tendencies 
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as there were no statistical differences between total 

sugar content of initial trees and girdled trees, except 

in green stems. 

Girdled Versus Control Trees 

As with sucrose, there was a tendency for total 

sugars to be higher in all parts of girdled trees. 

Statistically significant increases, however, occurred only 

in green stems and trunk 12-18 inches above the girdle 

where there was a 70 and 35% increase, respectively. 

Changes in total sugars in other parts of girdled trees 

ranged from an increase of 3 "to 27% compared to control 

trees. 

It is interesting to note that starting with green 

stems and then moving down the tree towards the girdle to 

the trunk 12-18 inches above the girdle and finally to the 

trunk 0-6 inches above the girdle there were increases of 

70, 35? and 3%•> respectively, in girdled trees compared to 

control trees. Hence, the greatest increase in total 

sugars was in the woody portion furthest from the girdle 

while the smallest increase was directly above the girdle. 

As will be noted later, this trend is in direct contrast to 

the trend of starch changes. 

Many experiments with citrus have involved carbo

hydrate analyses (Cameron 1932; Jones and Steinacker 1951; 

Smith, Reuther, and Specht 1952; Sharpies and Burkhart 
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195^; Khan and Ghayur 1963b; Hilgeman, Dunlap, and Sharpies 

1966). These studies were done with species and varieties 

of citrus other than C_. limon cv. Lisbon. Also, they were 

done with mature trees growing in the field. Many factors 

influence carbohydrate levels in citrus. Some of the more 

prominent factors are species and variety (Jones and 

Steinacker 1951)* time of year (Smith, Reuther, and Specht 

1952; Sharpies and Burkhart 195̂ 5 Khan and Ghayur 1963b), 

growth flushes and blossoming (Jones and Steinacker 1951; 

Smith, Reuther, and Specht 1952; Sharpies and Burkhart 

195^)» climatic conditions (Jones and Steinacker 1951)j 

nitrogen nutrition (Sharpies and Burkhart 195^)» and amount 

of fruit on the tree (Hilgeman, Dunlap, and Sharpies 1966). 

Because the present study concerned young lemon seedling 

trees growing in the greenhouse, it would be invalid, in 

the author's opinion, to compare the results of the studies 

mentioned above with the results of the present one. 

Starch 

There were greater changes in starch than with any 

of the other chemical constituents tested. Data pertaining 

to starch concentrations and changes during the experiment 

are presented in Table VIII. 



Table VIII. Starch ̂ concentration and percentage change of various parts of 
initial, control and girdled Lisbon lemon seedlings. 

mg/gm dry plant material 
Per cent change 
from initial 

Per cent change 
from control 

Treatment Initial Control Girdle Control Girdle Girdle 

Leaves 118.49a —̂  ll8.46a 105.69a 0 - 11 
"  1 1  

Green Stems 53.84a 42.74a 69.79b -21 + 22 + 63 

Trunk 12"-18" 
Above l6.83a 11.86a 64.4lb -30 + 283 + 443 

Trunk 0"-6" 
Above 44.34a 18.30a 92.3^b -59 +108 +4o4 

Trunk 0"-3" 
Below 72.88b 39-79a 21.i4a -45 - 71 - 47 

Roots 135.66b 79.42a 67.00a -42 - 51 - 16 

—^ Numbers with different superscript letters are statistically different at the 
5% level. 
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Control Versus Initial Trees 

Starch remained at a constant level in leaves of 

control trees during the experiment. However, there was a 

decrease in starch in all other tree parts examined. At 

the termination of the experiment, starch content in green 

stems, and in the trunk zones 12-18 inches above, 0-6 inches 

above, and 0-3 inches below the girdle point and in roots 

of control trees had decreased 21, 30, 59? ^5? and ^2%, 

respectively, compared to initial trees. Only the decreases 

in the trunk 0-3 inches below the girdle point and in roots 

were statistically significant, however. 

Girdled Versus Initial Trees 

There was a slight reduction of 11% in starch in 

leaves of girdled trees compared to initial trees. There 

was a statistically significant increase of 22% in starch 

in green stems of girdled trees. The greatest change in 

starch, however, occurred in the trunk 12-18 inches above 

and 0-6 inches above the girdle compared to equivalent 

portions of the initial trees. Increases in starch in 

these two tree parts were 283 and 108%, respectively. 

There was a statistically significant decrease in starch 

in the trunk 0-3 inches below the girdle. At the termina

tion of the experiment this portion of girdled trees con

tained 71% less starch than the equivalent portion of 

initial trees. There was also a significant reduction in 



starch content of roots, such that roots of girdled trees 

had 51% less starch than roots of initial trees. 

Girdled Versus Control Trees 

Leaves from girdled trees had slightly less starch 

than leaves from control trees. There was a statistically 

significant higher starch content in green stems of girdled 

trees than in the equivalent portion of control trees--63% 

higher. The greatest differences occurred in the trunk 12-

l8 inches and 0-6 inches above the girdle where there were 

increases of 443 and 4o4%, respectively, in girdled trees 

compared to control trees. Statistically non-significant 

reductions of 47 and 16% occurred in the trunk 0-3 inches 

below the girdle and roots, respectively, in girdled trees 

relative to control trees. 

General Discussion of Carbohydrates—Girdled Versus Control 
Trees 

In leaves of girdled plants, only glucose increased 

by a statistically significant amount. However, there was 

also a slight increase in fructose. There was a total 

monosaccharide content of 16.63 and 11.88 mg/gm of dry leaf 

material in girdled and control trees, respectively. This 

represents a statistically significant increase of k0% in 

leaves of girdled trees. One of the hypotheses as to why 

girdling reduced photosynthesis was that accumulation of 

the end products slowed down the photo-chemical reaction. 



Since fructose is the initial carbohydrate formed in the 

photosynthetic cycle (Conn and Stumpf 1963), these data 

would tend to support this hypothesis. Another hypothesis 

as to why girdling reduced photosynthesis was that the 

osmotic pressure of cells surrounding the guard cells was 

increased to the point where the diffusion pressure deficit 

between the guard cells and their contiguous cells was not 

great enough to allow full opening of the stomatal aperature 

Whereas the carbohydrate data obtained in this study did not 

pertain specifically to epidermal cells of leaves, it did 

indicate that soluble carbohydrates tended to increase 

while insoluble carbohydrates (e.g., starch) tended to 

decrease in the leaves of girdled trees relative to control 

trees. Hence, these data support this second hypothesis, 

even though it does not prove it conclusively. 

Although the trees used in this study had not 

reached the age when lemon trees start producing fruit, it 

is interesting to look at these data and draw analogies 

between these trees and mature trees which would be in 

production. As discussed in the literature review, the 

most commonly observed effect of girdling on fruit trees is 

an increase in fruit yields. Also, it was pointed out that 

a very close, positive correlation seems to exist between 

soluble sugars and fruit yields. The greatest increase in 

soluble sugars in girdled compared to control trees in this 

study was found in green stems where statistically 



significant increases of 118, 97, 59, and 70% occurred for 

glucose, fructose, sucrose, and total sugars, respectively. 

The green stems from trees used in this study were the type 

of stems on which fruit is borne on mature trees. If, in 

mature trees, as in these younger trees, the greatest 

increase in soluble carbohydrates would occur in green 

stems, this might partially explain why girdling mature 

trees increases fruit yield. 

It has been hypothesized that several of the 

observed effects of girdling are the result of a depletion 

of respiratory substrates in roots of girdled trees 

(Loustalot 1943; Furr, Reece, and Hrnciar 19^5; Naude 195^) 

Several of the effects of girdling which have been attrib

uted to reduced respiratory substrates in the roots were 

noted in this experiment; e.g., reduced vegetative growth, 

reduced photosynthetic rate and reduced nitrogen absorption 

Yet, instead of a reduction in respiratory substrates, 

there was tendency for the substrates to increase in the 

roots of girdled trees used in this study. There were 

increases of 25* 52, 17 •> and 19% in glucose, fructose, 

sucrose, and total sugars, respectively, in roots of 

girdled trees compared to roots of control trees. Accom-

paning the increases in soluble sugars was a 16% decrease 

in starch concentration indicating a conversion of starch 

to soluble sugars. Hence, it would seem that after a long 

period of time respiratory substrates would become limiting 
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and result in further damage or death to the trees. This 

fact undoubtedly was responsible for the condition of the 

two trees on which the girdles had been kept open for eight 

months. Nevertheless, these data indicate that the initial 

effects of girdling are not a result of a depletion of 

respiratory substrates in the roots. 

It was also interesting to note that the greatest 

accumulation of soluble sugars in woody tissue occurred the 

greatest distance from the girdle (e.g., green stems) while 

the least accumulation, or greatest depletion, occurred in 

the trunk directly above the girdle. Contrary to this, 

however, the greatest accumulation of total carbohydrates 

(total sugars plus starch) occurred directly above the 

girdle with the least accumulation occurring in the green 

stems (Table XX). There were increases of 67, 195* and 201% 

in green stems, trunk 12-18 inches above and 0-6 inches 

above the girdle, respectively, in girdled trees compared 

to equivalent portions of control trees. 

Crafts (1962) reviewed the literature concerning 

translocation of carbohydrates in woody species. In most 

of the trees studied, sucrose was found to be the carbo

hydrate which was translocated. In a few species raffinose 

or stachyose was the form translocated. In no case did 

glucose or fructose play a role in translocation of carbo

hydrates. Raffinose or stachyose were not found in the 

trees used in this study, hence, it may be assumed that 
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Table IX. Total carbohydrate (total sugars plus starch) concentration and 
percentage change of various parts of control and girdled Lisbon 
lemon seedlings. 

Treatment 

mg/gm dry plant material 
Per cent change 
from control 

Treatment Control Girdle Girdle 

Leaves 149.08a l42.31a - 4 

Green Stems 71.78a 119.64b + 67 

Trunk 12»-l8" 
Above 30.24a 89.29 +195 

Trunk 0"-6M 
Above 37-l4a 111.80 + 201 

Trunk 0"-3" 
Below 55 • 33a 4o.93a - 26 

Roots 109-74a 103.22a - 6 

—^ Numbers with different superscript letters are statistically different at the 
5% level. 
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sucrose was the form in which carbohydrates were trans

located. With this assumption in mind, a system such as 

follows may be pictured as explaining some of the observed 

results above the girdle: 

Sucrose in<—-—Photosynthesis 
leaves 

^translocation 

sucrose in-
woody parts 

^fructose + glucose 

respiration 

In green stems of girdled trees relative to green 

stems of control trees, there were increases o-f~ll8, 97? 

59, and 63% in glucose, fructose, sucrose, and starch, 

respectively. Glucose and fructose increased by about the 

same percentage indicating a balanced equilibrium existed 

between these two monosaccharides. This was verified by 

the fact that in green stems of girdled trees there was 

7*86 and 8.49 mg/gm of dry plant material of glucose and 

fructose, respectively. The greater increase in mono

saccharides compared to starch indicates that the rate of 

hydrolysis of sucrose increased more than did the rate of 

polymerization of glucose to starch. If this were not the 

case, only starch would increase and if any change occurred 

in the soluble sugars, it would have been a decrease. In 

green stems, 33 and 27% of the total sugars were 
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monosaccharides in girdled and control trees, respectively. 

This further indicates that hydrolysis of sucrose to the 

monosaccharides was more rapid than condensation of glucose 

to starch. 

There was no change in glucose, a slight decrease in 

fructose, and 55 and 443% increases in sucrose and starch, 

respectively, in the trunk 12-18 inches above the girdle 

compared to the equivalent portions of control trees. The 

slight decrease in fructose was not significant, so it is 

believed that glucose and fructose were in a balanced 

equilibrium. The increase in starch accompanied by no 

increase or decrease in monosaccharides indicates the rate 

of polymerization of glucose to starch increased by the 

same amount as did the increase in rate of hydrolysis of 

sucrose to glucose and fructose. If condensation of 

glucose to starch had increased more than sucrose hydroly

sis, the monosaccharides in girdled trees would have been 

depleted below the concentration of these sugars in the 

control trees. If the rate of starch polymerization had 

increased less than sucrose hydrolysis, then the mono

saccharides would have accumulated in girdled trees relative 

to control trees. 

There was approximately a 60% reduction in glucose 

and fructose in the trunk 0-6 inches above the girdle 

compared with the same area of control trees. There was 

0.93 and 0.88 mg of glucose and fructose per gm of dry 



plant material, respectively, in the trunk 0-6 inches above 

the girdle. Hence, the two monosaccharides were in a 

balanced equilibrium. Corresponding to this very low 

concentration of monosaccharides was a great increase in 

starch concentration. There was 92-3^ mg of starch per gm 

of dry plant material in the trunk 0-6 inches above the 

girdle compared with 18.30 mg in the corresponding area of 

control trees. As pointed out previously, this represents 

an increase of 404%. The decrease in monosaccharides 

compared with the increase in starch indicates that as 

fructose and glucose were formed from hydrolysis of 

sucrose, they were rapidly converted into starch. It 

appears, then, that the rate of polymerization of glucose 

to starch was increased more by the girdle treatment than 

was sucrose hydrolysis. Since there was a tendency for 

sucrose to accumulate in spite of the decrease in glucose 

and fructose, the rate of conversion of sucrose to the 

monosaccharides must have been the limiting reaction. In 

the trunk 0-6 inches above the girdle or girdle point, 9 

and 23% of the total sugars were monosaccharides in girdled 

and control trees, respectively. This further verifies 

that conversion of sucrose to glucose and fructose was 

slower than polymerization of glucose to starch. Bloch 

(19^1? 1952) reviews the subject of wound healing and 

indicates that wounding, such as girdling, causes an 

increase in rate of respiration in cells surrounding the 
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wound. Hence, it is possible that the rate of polymeriza-

tion of glucose increased only as much as the rate of 

sucrose hydrolysis. In this case, however, the decrease in 

the monosaccharides would be a result of an increase in 

rate of respiration. 

There was approximately a 20 and 50% reduction in 

starch in the roots and trunk 0-3 inches below the girdle, 

respectively, in girdled trees compared with control trees. 

This decrease in starch in the two plant parts below the 

girdle accompanied increases of 19 and 27%? respectively, 

in total sugars in these areas. Apparently, below the 

girdle there was an enzymatic degradation of starch to 

glucose, which in turn, entered into an equilibrium reac

tion with fructose and sucrose such as follows: 

starch ^.cnl nr.<-»«<* >frnr.+.n.ga ^respiration 

sucrose 

T 
translocation to roots 

There were decreases of 6 and 26% in total carbo

hydrates (total sugars plus starch) in the roots and trunk 

0-3 inches below the girdle, respectively, in girdled trees 

relative to control trees (Table IX). It is possible the 

greater reduction in carbohydrates directly below the 

girdle is a result of increased respiration. As noted 
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previously, wounding will increase respiration rates in the 

tissue surrounding the wound. 

Why starch degration was more rapid than utiliza

tion of sugars by respiration or translocation to the roots 

is not known. It is possible that immediately following 

girdling there was an initial reduction in sugars below the 

girdle. This in turn would increase the activity of the 

amylase enzymes, which would increase the rate of starch 

hydrolysis and possibly result in a slight accumulation of 

soluble sugars below the girdle. 

Total Nitrogen 

Data pertaining to total nitrogen contents of the 

various parts of initial, control and girdled trees are 

presented in Table X. 

Control Versus Initial Trees 

There were non-significant reductions in nitrogen 

content in leaves, green stems and trunk zones 12-18 inches 

above, and 0-6 inches above the girdle point of control 

trees during the eight weeks of the experiment. The reduc

tions were 8, 11, 17, and 21%, respectively, for the parts 

mentioned above. A significant reduction of 27% was found 

in the trunk 0-3 inches below the girdle point of control 

trees compared to initial trees. In roots of control trees 

relative to initial trees there was a slight increase of 9%• 



Table X. Total nitrogen concentration and percentage change of various parts of 
initial, control and girdled Lisbon lemon seedlings. 

mg/gm dry- plant material 
Per cent change 
from initial 

Per cent change 
from control 

Treatment Initial Control Girdle Control Girdle Girdle 

Leaves i7 .2ob  y 15.84b 13.28a - 8 -23 -16 

Green Stems 7' 30a 6.51a 5 .64a -11 -23 -13 

Trunk 12"-l8" 
Above 4.54a 3-7 5a 3 .66a -17 -19 - 2 

Trunk 0"-6" 
Above 5.20a 4.lOa 5-54a -21 + 6 + 35 

Trunk 0 l l-3" 
Below 5-57b 4.05a 4.39a -27 -21 + 8 

Roots 7-l8a 7.84al 7.53a + 9 + 5 - 4 

Numbers with 
5% level. 

different superscript letters are statistically different at the 

-si 
-a 
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Girdled Versus Initial Trees 

The only statistically significant change in 

nitrogen concentration of girdled vs. initial trees was a 

23% decrease in leaves of girdled trees. The other 

changes in nitrogen concentration, while not being statis

tically significant, were decreases of 23? 19? and 21% in 

the green stems, trunk 12-18 inches above the girdle, and 

trunk 0-3 inches below the girdle and increases of 6 and 5% 

in the trunk 0-6 inches above the girdle and in roots, 

respectively, in girdled trees compared to initial trees. 

Girdled Versus Control Trees 

Girdling the trees significantly reduced the 

nitrogen content in leaves of girdled trees by l6%. There 

were also reductions of 13? 2, and k% in nitrogen content 

of green stems, trunk 12-18 inches above the girdle and 

roots of girdled trees. However, there was a tendency for 

nitrogen to accumulate directly above and below the 

girdle. In the trunk 0-6 inches above and 0-3 inches below 

the girdle, on girdled trees relative to control trees, 

there were increases of 35 and 8%, respectively. 

With regards to nitrogen contents in leaves, the 

results of this study parallel those found for lemon trees 

(Wallace and Mueller 1958), for orange trees (Furr et al. 

19^5)» and for mandarin trees (Ghayur and Khan 1962d). 



In the present study, initial trees had an average 

weight of 585*7 gm and an average nitrogen concentration of 

10.77 mg/gm. Hence, initial trees contained an average of 

6,308 mg of nitrogen. Control trees, however, had an 

average weight and nitrogen concentration of 928.2 gm and 

IO.98 mg/gm, respectively, or an absolute nitrogen content 

of 10,192 mg. Girdled trees weighed an average of 813*2 

gm, had a nitrogen concentration of 8.85 mg/gm, and an 

average absolute nitrogen content of 7?197 nig. Hence, 

between the beginning and end of the experiment, control 

trees absorbed 3>884 mg nitrogen while girdled trees 

absorbed only 889 mg nitrogen. This statistically signifi

cant difference in amount of nitrogen absorbed during the 

eight weeks was partially due to the fact that girdled 

trees did not grow as much as control trees. However, the 

differences in concentrations of 10.98 and 8.85 mg nitrogen 

per gm dry plant material for control and girdled trees, 

respectively, is statistically significant. This shows 

that significantly less nitrogen was absorbed per unit of 

dry weight for girdled trees than for control trees. 

Hence, this would indicate that the greatest cause for the 

reduction in the amount of nitrogen absorbed was directly 

a result of the girdle and was independent of the reduced 

growth. 

Furr et al. (1945) and Naude (1958) also noted that 

nitrogen absorption per unit weight was less for girdled 



citrus trees than for control trees. They felt the reduc

tion in nitrogen absorption was partially, or completely, a 

result of depletion of respiratory substrates in roots of 

girdled trees. As pointed out previously, data obtained in 

this study did not support their hypothesis. 

Work by Clements and Engard (1938), by Loustalot 

(19^3)? and more recently by Kurtzman (1966) indicated that 

girdling reduces transport of water in the xylem. Clements 

and Engard gave three reasons why girdling reduced water 

translocation: (l) The removal of a ring of bark prevented 

the development of new xylem at that point, which, as 

growth above continued, became a constriction in the cross-

sectional area of the conducting channel. (2) The xylem 

was affected in two ways no matter how carefully the ring 

of bark was removed: (a) its living cells "died" as a 

result of being isolated from the living cells of the 

phloem, and (b) as a consequence of that and of actual 

exposure of the xylem, the outer layers of conducting 

tissue lost their capacity to conduct water, and thus 

further limited the capacity of the xylem to conduct 'water. 

(3) The imposed girdle, as a result of the above mentioned 

effects, make it necessary for water to transfer from one 

annual ring to the other causing a further slowing or 

reduction of water transport. Kurtzman found that intro

duction of air emboli into the vascular system of birch 

cuttings would reduce the volume of water which was 



translocated through the cutting. He felt that girdling 

would allow the entrance of air emboli which could be 

responsible for slowing down or stopping water transport, 

since the walls of the xylem elements would be permeable to 

atmospheric air and would no longer have the protection of 

bark tissue. In addition he felt that "changes in xylem 

parenchyma (e.g., forming tyloses) would be expected since 

they would no longer have a ready supply of food." If 

these phenomena were occurring in the lemon trees used in 

the present study, it is possible the observed reduction in 

nitrogen in leaves and green stems of girdled trees was a 

result of stopping or slowing down of upward translocation 

of water with its dissolved nitrogen. 

It was interesting that there was a tendency for 

nitrogen to accumulate in the area of the girdle. This 

could be a result of one or the combination of two factors: 

(a) stopping or slowing down of upward translocated nitrogen 

in the xylem, and/or (b) blocking downward translocation of 

nitrogen in the phloem. As described above, studies by 

Clements and Engard (1938), by Loustalot (19^3), and by 

Kurtzman (1966) indicated that girdling reduces upward 

transport of water in the xylem. It is possible that this 

would result in a slight accumulation of nitrogen at the 

girdle. 

On the other hand, work by Wallace et al. (19540 as 

well as others, has shown that soluble nitrogen is present 
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in, and translocated through, the phloem. From the carbo

hydrate data of the present study it has been shown that 

girdling lemon trees does stop downward translocation which 

results in accumulation of metabolites. It is conceivable, 

then, that the tendency towards accumulation of nitrogen 

was a result of stopping translocation in the phloem. 

From the present study it would be impossible to 

ascertain whether the tendency for nitrogen accumulation 

was a result of reducing upward translocation, stopping 

downward translocation, or a combination of these two 

factors. 



Three year old nucellar Lisbon lemon seedling trees 

growing in a greenhouse were trunk girdled three inches 

above the soil line. On the day the experiment was 

initiated, four trees, designated initial trees, were 

removed from the soil and sectioned as outlined below. 

Weekly photosynthesis and respiration measurements were 

made on control and girdled trees for eight weeks. Eight 

weeks after girdling, the girdled trees were removed from 

the soil and divided into the following sections: (l) 

leaves, (2) green stems, (3) mature stems, (4) trunk 12-18 

inches above the girdle, (5) trunk 6-12 inches above the 

girdle, (6) trunk 0-6 inches above the girdle, (7) trunk 

0-3 inches below the girdle, (8) root crown, and (9) roots. 

On the same day, control trees were also removed from the 

soil and divided into sections equivalent to those of 

girdled trees. Trunk circumference measurements were made 

one inch above and one inch below the girdle or girdle 

point on girdled and control trees before they were sec

tioned. All parts were weighed after being dried at 85°C 

for 48 hours. The leaves, green stems, trunk areas 12-18 

inches above, 0-6 inches above, and 0-3 inches below the 

girdle or girdle point, and roots on initial, control, and 

girdled trees were used for chemical analysis. The various 



parts were analyzed for alcohol soluble carbohydrates by 

paper chroraotography and colorimetric methods, for starch 

by an iodometric technique, and for total nitrogen by a 

micro-Kjeldahl procedure. 

There were non-significant increases in the weight 

of all parts of girdled and control trees compared to the 

same parts of initial trees. Generally, the percentage 

increase in the weights of various parts of control trees 

was greater than the increases in girdled trees. While 

there were no statistical differences in the weights of 

control trees compared to girdled trees, there was a strong 

tendency for'girdling to reduce dry weight of the various 

parts of girdled trees; especially leaves, green stems, 

trunk 0-3 inches below the girdle, and root crown. Trunk 

circumferences were not affected by girdling. 

There was a statistically significant, linear 

reduction in net photosynthesis of girdled trees, relative 

to control trees, during the eight weeks. During the 
i 

eighth week, assimilation of carbon dioxide by leaves on 

girdled trees was 20% lower than by leaves on control 

trees. Girdling resulted in an average reduction of 10% 

in net photosynthesis over the eight week period. There 

was a tendency for respiration to be lower in leaves of 

girdled trees; however, there were no statistically 

significant reductions during the experiment. 
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The only alcohol soluble carbohydrates found in the 

trees were glucose, fructose, and sucrose. Changes in the 

carbohydrates and total nitrogen were as follows: 

Glucose 

Control Versus Initial Trees 

There was a tendency for glucose to decrease in all 

parts of control trees relative to initial trees; however, 

a statistically significant reduction occurred only in the 

leaves. 

Girdled Versus Initial Trees 

There was a statistically significant increase in 

glucose in green stems of girdled trees. Glucose tended to 

decrease in all other parts of girdled trees, with the 

exception of the trunk 0-3 inches below the girdle. 

Girdled Versus Control Trees 

Statistically significant changes in girdled trees 

were increases in leaves and green stems and a decrease in 

the trunk 0-6 inches above the girdle. Glucose was 

unchanged in the trunk 12-18 inches above the girdle and 

tended to increase in the two plant parts below the girdle. 



Fructose 
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Control Versus Initial Trees 

There was a tendency for fructose to increase in 

all parts, except leaves, in control trees. However, none 

of the changes were statistically significant. 

Girdled Versus Initial Trees 

There was a tendency for fructose to be lower in 

the leaves and trunk 12-18 inches above the girdle, and to 

be higher 0-3 inches below the girdle and in roots of 

girdled trees. Statistically significant changes in the 

girdled trees compared to initial trees was an increase in 

the green stems and a decrease 0-6 inches above the girdle. 

Girdled Versus Control Trees 

Fructose was significantly higher in green stems 

and significantly lower in the trunk 0-6 inches above the 

girdle on girdled trees. Except for the trunk 12-18 inches 

above the girdle, fructose tended to be higher in the other 

four parts of girdled trees. 

Sucrose 

Control Versus Initial Trees 

Sucrose tended to be lower in all parts, except 

green stems and roots, of control trees relative to initial 
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trees. None of the changes were statistically significant, 

however. 

Girdled Versus Initial Trees 

There was a tendency for sucrose to be lower in the 

leaves and trunk 0-3 inches below the girdle in girdled 

trees. There was a statistically significant increase in 

the green stems, and a tendency towards an increase in the 

trunk 12-18 inches above, and 0-6 inches above the girdle 

and in roots of girdled trees. 

Girdled Versus Control Trees 

There were statistically significant increases in 

sucrose in the green stems and trunk 12-18 inches above 

the girdle, and a tendency for it to be higher in the other 

four parts of girdled trees compared to control trees. 

Total Sugars 

Control Versus Initial Trees 

None of the differences in total" sugars between 

control and initial trees were statistically significant. 

However, there was a tendency for the total sugars to be 

lower in all parts of control trees, except green stems and 

roots. 
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Girdled Versus Initial Trees 

Total sugars in girdled trees increased signifi

cantly in the green stems and non-significantly in the 

trunk 12-18 inches above the girdle and roots. There were 

non-statistically significant decreases in the leaves and 

trunk 0-6 inches above the girdle, and no change 0-3 inches 

below the girdle in girdled trees compared to initial 

trees. 

Girdled Versus Control Trees 

There were statistically significant increases in 

the green stems and trunk 12-18 inches above the girdle, 

and non-significant increases in the other four parts of 

girdled trees relative to control trees. 

Starch 

Control Versus Initial Trees 

There was a tendency for starch to be lower in all 

parts of control trees compared to initial trees. Only 

the reductions in the trunk 0-3 inches below the girdle 

point and roots were statistically significant. 

Girdled Versus Initial Trees 

There were statistically significant increases in 

the green stems, trunk 12-18 inches above, and 0-6 inches 

above the girdle in girdled trees relative to initial 
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trees. In girdled trees, starch tended to be lower in the 

leaves and was statistically lower in the trunk 0-3 inches 

below the girdle and roots. 

Girdled Versus Control Trees 

Starch was statistically higher in the green stems, 

trunk 12-18 inches above, and trunk 0-6 inches above the 

girdle in girdled trees. There was a tendency for it to be 

lower in the leaves, trunk 0-3 inches below the girdle and 

roots of girdled trees. 

Total Nitrogen 

Control Versus Initial Trees 

Total nitrogen was lower in all parts, except 

roots, of control trees relative to initial trees. Only 

the reduction in the trunk 0-3 inches below the girdle point 

was statistically significant. 

Girdled Versus Initial Trees 

The only statistically significant changes in 

girdled trees compared to initial trees were reductions in 

the leaves and trunk 0-3 inches below the girdle. Other, 

non-significant, changes were decreases in the green stems 

and trunk 12-18 inches above the girdle; and slight 

increases in the trunk 0-6 inches above the girdle and 

roots of girdled trees. 



Girdled Versus Control Trees 

Total nitrogen was statistically lower in leaves of 

girdled trees. Other changes in girdled trees, which were 

not statistically significant, were decreases in the green 

stems, trunk 12-18 inches above the girdle, and roots; and 

increases in the trunk areas 0-6 inches above and 0-3 

inches below the girdle. 

Possible reasons for the observed changes, or lack 

of changes, in weight, photosynthesis, respiration, carbo

hydrates, and total nitrogen are discussed. 



APPENDIX 

DERIVATION OF CONSTANTS USED IN COMPUTING, AND SAMPLE 
COMPUTATIONS OF, PHOTOSYNTHESIS AND 

RESPIRATION VALUES 

Photosynthesis 

Net photosynthetic rates (P) expressed as mg carbon 

dioxide assimilated per square dm of leaf area per hour 

were calculated as follows: 

(1) P = ( A C02 • F • K)/A 

where A CO2 is the change in concentration of carbon 
dioxide between intake and exhaust expressed as 
lines on the potentiometer chart. 

F is the air flow through the chamber (l/min). 

K is a constant as derived in Table A 

2 A is the leaf area (dm ). 

A sample calculation would be as follows: 

A C02 

F 

4.5 lines 

45 1 
min 

K 
0.0724 mg C02 • min 

1 • line • hr 

A 1.70 dm2 

Hence, from equation (l) 

P = ( A C02 • F • K)/A 

91 



Table A. Derivation of constant "K" for computing photosynthesis values. 

44000 mg CO mole CO concentration CO — .  r n -  3/ 
K _ s 2 2 2 b— oO mxn 1 — 

mole C0Q X 22.4 1 C0_ x line on potentio- x x hr x amplification 
meter chart of analyzer 

signal 

44000 mg COg mole cb^ 6.7 x 10 ̂  CO^ 60 min 1 

mole C02 X 22.4 1 C02 x line X °*9 X hr X 10 

0.0724 mg CO • min 

1 • line • hr 

—^ The recording potentiometer was adjusted so that one line on the recorder chart 
equaled a carbon dioxide concentration of 6.7 ppm. 

2/ — b is a correction factor to convert air flow rate to standard conditions. This 
value is furnished by the Scientific Glass Apparatus Company, Bloomfield, N. J. 
For environmental conditions of Tucson, Arizona, b is equal to 0.9* 

3/ — The analyzer signal was amplified 10 times to facilitate reading from the 
potentiometer chart. 

vo 
to 
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min 

0.0724 mg CO^'min 1 
1•1ine•hr x 

1.70 dm2 

8.62 mg CO 'dm 2,hr 

Respiration 

Respiration rates for leaf discs were calculated as 

follows: 

(2) R = C • k • ̂  mm 

where R is the respiration rate expressed as mg oxygen 
uptake per square dm of leaf area per hour. 

C is a constant as derived in Table B. 

k is the flask constant derived according to 
procedures described by Umbreit, Burris, and 
Stauffer (1964). 

A mm is the change in mm of Brodie's manometer 
fluid of the flask corrected for thermobarometer 
change. 

A sample computation of respiration values would 

be as follows: 

2.03 x 10 - 2  mg 02 
C 2 

H-l O^'dm *hr 

k 
1.26 fll 02 

mm 

^ mm = 33 mm for two hours 

Substituting these values in equation (2) 

R = C • k • A mm 



Table B. Derivation of constant "C" for computing respiration values. 

32 mg C>2 m mole 02 II mole 02 ^ 1/ ^ 2/ 

^ ~ m mole 0o X 1000 (1 mole 0o X 22.4 H-l 0o X _ / , 2^ X time of recording J q ^ 1631 area vciin / r+i -11 /, \ flask change (hr) 

32 mg 0^ m mole 0^ mole 0^ 

m mole 0o X 1000 [I mole 0n X 22.4 \ll 0o X . co _ _-2 . 2 X 2 hr 2  r  2  2  3 - 5 2 x 1 0  d m  

2.03 x 10~2 mg 02 

|I1 02 • dm^ • hr 

—^ Seven 8 mm diameter leaf ^liscs were used in each flask. Hence the leaf area in 
each flask was 3-52 x 10~2 jim^. 

2/ — The flask change was recorded for 2 hours. 
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2.03 X 10~2 mg 0 1.26 (II 02 
- x x 33 mm 

m o2 

0.84: mg O^ 

•dm2 «hr 
mm 

0„ • dm ~2 • hr -1 



LITERATURE CITED 

Batjer, L. P. and M. N. Westwood. 1963. Effects of 
pruning, nitrogen, and scoring on growth and 
bearing characteristics of young Delicious apple 
trees. Proc. Araer. Soc. Hort. Sci. 82:5-10• 

Bloch, R. 19^1. Wound healing in higher plants. Bot. 
Rev. 7:110-146. 

. 1952. Wound healing in higher plants. II. 
Bot. Rev. 18:655-679. 

Cameron, S. H. 1932. Starch in the young orange tree. 
Proc. Amer. Soc. Hort. Sci. 29:110-114. 

Chandler, W. H. 1958. Evergreen orchards. Lea and 
Febiger. Philadelphia. 535p« 

Clements, H. F. and C. J. Engard. 1938. Upward movement 
of inorganic solutes as affected by a girdle. 
Plant Physiol. 13:103-122. 

Conn, E. C. and P. K. Stumpf. 1963. Outlines of bio
chemistry. John Wiley and Sons, Inc. New York. 
391p. 

Crafts, A. S. 1961. Translocation in plants. Holt, 
Rinehart and Winston, Inc. New York. l82p. 

Crane, J. C. and R. C. Campbell. 1957* The comparative 
effectiveness of girdling and 2, 4, 5-Tri-
chlorophenoxyacetic acid for increasing size and 
hastening maturity of apricots. Proc. Amer. Soc. 
Hort. Sci. 695165-169* 

Curtis, 0. F. 1923. The effect of ringing a stem on the 
upward transfer of nitrogen and ash constituents. 
Amer. Jour. Bot. 10:361-382. 

Ford, H. W. 1953• Changes in rate of respiration and 
catalase activity associated with spreading decline 
of citrus trees. Proc. Amer. Soc. Hort. Sci. 6l: 
73-76. 

96 



97 

Furr, J. R., P. C. Reece, and G. Hrnciar. 19^5• Nitrogen 
absorption of ringed orange trees in sand culture. 
Proc. Amer. Soc. Hort. Sci. 46:51-5^• 

Gardner, V. R., F. C. Bradford, and H. D. Hooker, Jr. 
1952. The fundamentals of fruit production. 
McGraw-Hill Book Co., Inc. New York. 739p« 

Ghayur, A. and M. D. Khan. 1962a. Effects of ringing on 
the growth vigor, yield and chemical composition of 
mandarin oranges at Lyallpur, West Pakistan. I. 
Growth vigor. Agric . Pakistan 13 ( 3 )'• 71-2--718 . 

and . 1962b. Effects of ringing on 
the growth vigor, yield and chemical composition of 
mandarin oranges at Lyallpur, West Pakistan. XI. 
Floral growth. Agric. Pakistan 13(4):53~60. 

and . 1962c. Effects of ringing on 
the growth vigor, fruit yield and chemical composi
tion of mandarin oranges at Lyallpur, West 
Pakistan. III. Fruit yield. Agric. Pakistan 13(4): 
61-66. 

and . 1962d. Effects of ringing on 
the growth vigor, fruit yield and chemical composi
tion of mandarin oranges at Lyallpur, West 
Pakistan. IV. Nitrogen contents. Agric. Pakistan 
13(4):67-76. 

Green, L. 1937* Ringing and fruit setting as related to 
nitrogen and carbohydrate content of Grimes Golden 
apples. Jour. Agr. Res. 54:863-875. 

Hartmann, H. T. 1950• The effect of girdling on flower 
type, fruit set, and yields in the olive. Proc. 
Amer. Soc. Hort. Sci. 56:217-226. 

Heinicke, A. J. 1923* The set of apples as affected by 
some treatments given shortly before and after the 
flowers open. Proc. Amer. Soc. Hort. Sci. 20:19-
25. 

1932. The assimilation of carbon dioxide by 
apple leaves as affected by ringing the stem 
Proc. Amer. Soc. Hort. Sci. 29:225-229. 

Hilgeman, R. H. 1966. Personal communication. 



98 

Hodgson, R. W. 1938. Girdling to reduce fruit drop in the 
Hachiya persimmon. Proc. Amer. Soc. Hort. Sci. 36: 
405-409. 

Jacob, H. E. 1928. Some responses of the seedless 
varieties of Vitis vinifera to girdling. Proc. 
Amer. Soc. Hort. Sci. 25:223-229. 

Jones, W. W. and M. L. Steinacker. 1951. Seasonal changes 
in concentrations of sugar and starch in leaves and 
twigs of citrus trees. Proc. Amer. Soc. Hort. Sci. 
58:1-4. 

Khan, M. D. and A. Ghayur. 1963a. Effects of ringing on 
the growth vigor, fruit yield and chemical composi
tion of mandarin oranges at Lyallpur, West Pakistan. 
V. Carbohydrate contents and carbohydrates: 
nitrogen ratio--Review of literature. Agric. 
Pakistan l4(2):127-136. 

and . 1963b. Effects of ringing on 
the growth vigor, fruit yield and chemical composi
tion of mandarin oranges at Lyallpur, West Pakistan. 
VI. Carbohydrate contents. Agric. Pakistan 14(2): 
137-1^8. 

Kraus, E. J. and H. R. Kraybill. 1918. Vegetation and 
reproduction with special reference to the tomato. 
Oregon Agr. Exp. Sta. Bui. l49» 

Kraybill, H. R. 1923. Effect of shading and ringing upon 
the chemical composition of apple and peach trees. 
N. Hamp. Agr. Exp. Sta. Tech. Bui. 23• 

Krezdorn, A. H. i960. The influence of girdling on the 
fruiting of Orlando tangelos and Navel oranges. 
Proc. Fla. State Hort. Soc. 73:^9~52. 

Kurtzman, R» H., Jr. 1966 . Xylem sap flow as affected by 
metabolic inhibitors and girdling. Plant Physiol. 
4i:64l-646. 

Leopold, L. 1962. Spectrophotometric determination of 
sugars using p-aminobenzoic acid. Analytical Chem. 
34:170-171. 

Lilleland, 0. and J. G. Brown. 1936. Growth study of the 
apricot fruit. XII. The effect of girdling. Proc. 
Amer. Soc. Hort. Sci. 34:264-271. 



99 

Loustalot, A. J. 19^3• Effect of ringing the stem on 
photosynthesis, transpiration and respiration of 
pecan leaves. Proc. Amer. Soc. Hort. Sci. 42:127-
132. 

Malpighi, Marcellus. 1675 and 1679* Die anatomie der 
pflanzen. Wilhelm Engelmann. Leipzig. (Original 
not seen.) 

Muramoto, H., J. Hesketh, and M. El-Sharkawy. 1965* 
Relationships among rate of leaf area development, 
photosynthetic rate, and rate of dry matter produc
tion among American cultivated cottons and other 
species. Crop Sci. 5*l63-l66. 

Murneek, A. E. 1937* Branch ringing and fruit set of 
Minkler and Arkansas (Black Twig) varieties of 
apples. Proc. Amer. Soc. Hort. Sci. 35:24-26. 

. 1938. Further studies on the,influence of 
branch ringing on fruit set and size. Proc. Amer. 
Soc. Hort. Sci. 36:398-400. 

. 1939• Fruit production as affected by branch 
ringing. Proc. Amer. Soc. Hort. Sci. 37:97-100. 

. 194l. Relative carbohydrate and nitrogen 
concentrations in new tissue produced on ringed 
branches. Proc. Amer. Soc. Hort. Sci. 38:133-136. 

Naude, C. J. 1958. Growth and mineral absorption studies 
with grafted and girdled Rough lemon cuttings in 
nutrient solution. In Wallace, A. (ed.) Tree 
physiology studies at U.C.L.A. Spec. Rept. No. 1. 
University of California, Los Angeles. 62-74. 

Nielsen, J. P. 1945* A rapid determination of starch. 
Ind. and Eng. Chein., Anal. Ed. 17:131-134. 

Painter, J. H. and R. T. Brown. 1939* Effect of different 
methods of girdling tung branches. Proc. Amer. 
Soc. Hort. Sci. 37:511-514. 

Rodney, D. R. 1966. Personal communication. 

Schneider, H. 1954. Effect of trunk girdling on phloem of 
trunk of sweet orange trees on sour orange root-
stock. Hilgardia 22:593-601. 



100 

Shamel, A. D. and C. S. Pomeroy. 1934• Girdling Valencia 
orange trees. Calif. Citrog. 19s176. 

and . 1936 • Report on a girdling 
test with Washington Navel orange trees. Calif. 
Citrog. 21:320. 

and . 19^4. Effect of trunk girdling 
on the performance of Washington Navel orange 
trees. Proc. Amer. Soc. Hort. Sci. 44:80-84. 

Sharpies, G. C. 1948. Starch reserves in the grapefruit 
tree as affected by seasonal temperature and 
nitrogen nutrition. M.S. Thesis. University of 
Arizona, Tucson. 

and L. Burkhart. 195^» Seasonal changes in 
carbohydrates in the Marsh grapefruit tree in 
Arizona. Proc. Amer. Soc. Hort. Sci. 63:7^-80. 

Sibbett, G. S. 1965* The effects of girdling on shoot 
growth of Thompson Seedless grape vines. M.S. 
Thesis. University of Arizona, Tucson. 

Smith, P. F., W. Reuther, and A. W. Specht. 1952. 
Seasonal changes in Valencia orange trees. II. 
Changes in micro-elements, sodium, and carbo
hydrates in leaves. Proc. Amer. Soc. Hort. Sci. 
59:31-35. 

Snedecor, G. W. 1956. Statistical methods. The Iowa 
State College Press. Ames. 53^P« 

Umbreit, W. W., R. H. Burris, and J. F, Stauffer. 1964. 
Manometric techniques. Burgess Publishing Co. 
Minneapolis. 305p« 

Wallace, A., Z. I. Zidan, R. T. Mueller, and C. P. North. 
1954. Translocation of nitrogen in citrus trees. 
Proc. Amer. Soc. Hort. Sci. 64:87-104. 

and R. T. Mueller. 1958. Further studies con
cerning girdling and cutting the xylem on absorp
tion and translocation of nitrogen in small citrus 
trees. In Wallace, A. (ed.) Tree physiology 
studies at U.C.L.A. Spec. Rept. No. 1. University 
of California, Los Angeles. 139~l43« 



101 

Webber, H. J. and L. D. Batchelor. 19^6. The Citrus 
industry. Vol. I. History, Botany, and Breeding. 
University of California Pi'ess. Berkeley and Los 
Angeles. 1028p. 

Whistler, R. L. and J. N. BeMiller. 1962. Quantitative 
paper chromatography. In Whistler, R. L. and 
M. L. Wolfram (ed.) Methods in carbohydrate 
chemistry. Vol. I. Analysis and preparation of 
sugars. Academic Press Inc. New York and London. 
589P-

Winkler, A. J. 1962. General viticulture. University of 
California Press. Berkeley and Los Angeles. 633p« 

Young, T. W. 1956. Response of lychees to girdling. 
Proc. Fla. State Hort. Soc. 695305-308. 


