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(ABSTRACT) 

Rooted stool-bed layers of Malling Merton (MM) 111 ap-

ple trees were container-grown in a greenhouse and trained 

to a single shoot. When shoot length averaged 73 cm, the 

following treatments were applied: a) check, untreated 

(CK); b) tipped (shoot apex removed) and top 1/2 of shoot 

disbudded (T-DB); c) top 1/2 of shoot disbudded and defo-

liated (UT-DB-DF); d) tipped, and top 1/2 of shoot disbud-

ded and defoliated (T-DB-DF); e) pruned at mid-shoot (P); 

or f) pruned at mid-shoot and disbudded (P-DB). 

Treatments UT-DB-DF, T-DB-DF, P, and P-DB delayed the 

eventual decline in net photosynthesis (Pn) and total chlo-

rophyll content exhibited by the check. The delay in the 

decline of Pn and total chlorophyll content was maintained 

for the longest period in the UT-DB-DF, T-DB-DF, and P-DB 

treatments. Maintenance of ?n and chlorophyll levels fol-

lowing pruning or defoliation appears to result from an in-



.creased root : shoot ratio at t::-eatment rather than an in-

creased demand for photosynthates by subsequent growth. 

Treatment responses of Pn and total chlorophyll content 

were similar so that Pn per unit chlorophyll showed no 

treatment differences. 

Removal of leaves by either pruning or defoliation re-

duced total dry weight of the tree whereas tipping had no 

effect. Final dry weights of the basal stem, roots, and 

shank were reduced by pruning or defoliation. Lateral shoot 

growth induced by pruning caused an initial decrease in the 

shank diameter and root and shank dry weights of potted ap-

ple trees. 
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INTRODUCTION 

Pruning is one of the mos~ important cultural practices 

in modern orchards. By pruning the apple tree, an orchar-

·dist strives to maintain the tree in its allotted growing 

space, maximize light penetration through the tree canopy to 

foliage and fruit, and maintain a balance between vegetative 

growth and fruiting wood (46). 

Traditionally, the majority of pruning in American 

orchards has been done during the winter months and is 

termed "dormant pruning". Dormant pruning seemed satisfac-

tory for the care of 20-25 foot tall apple trees on seedling 

rootstocks. However, in the past 10 to 15 years some pomol-

ogists have recommended summer pruning, which entails the 

removal of plant parts while the tree is actively growing or 

foliated. Compared to pruning in the dormant season, summer 

pruning has been said to provide better tree structure and 

tree size control. 

Only during the past 5 to 7 years have many of the ef-

fects of summer pruning on apple tree growth and physiology 

been reported. Taylor (44), found that as the severity of 

summer pruning was increased, the total dry matter that ac-

cumulated in potted apple trees by the end of the growing 

season was decreased. Other work with potted apple trees 
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has shown that summer pruning suppressed root dry weight in 

the year of pruning (6, 9, 27, 30, 32, 44). After summer 

pruning of potted apple trees, photosynthates were directed 

away from the root system into regrowth (27). 

Other responses of apple trees to summer pruning in-

clude an increase in leaf n~mber per tree but a decrease in 

the size of individual leaves which develop subsequent to 

summer pruning (6, 9, 23, 32, 44). 

Physiological responses to summer pruning include al-

tered patterns of net photosynthesis (Pn) and transpiration 

(Tr) (26, 32, 44). The Pn of an apple leaf rises to a maxi-

mum shortly after the leaf has fully expanded. Thereafter, 

the Pn of that leaf begins a gradual decline through the 

growing season. Summer pruning delayed the natural decline 

of Pn and Tr in apple (26, 32, 44) and mulberry (38, 39). 

For 39 days after pruning, Taylor (44) found higher Pn and 

Tr on apple trees with 50 and 75% shoot removal compared to 

unpruned trees. It should be noted, however, that the Pn 

and Tr of pruned trees eventually declined to comparable 

levels of unpruned trees. 

Several attempts have been made to explain this delay 

in the natural decline of Pn following su~mer pruning. One 

hypothesis suggests summer pruning alters the root : shoot 

ratio, thereby increasing the supply of root-produced growth 
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regulators to the remaining leaves. ·Pn may 

and/or indirectly affected (49). Satoh, et al. 

be directly 

( 39) found 

that a rise in foliar cytokin~n levels accompanied a delay 

in the decline of Pn in summer pruned mulberries. Wareing, 

et al. ( 49) proposed that a balance exists between a root 

and shoot system, and once this balance is disrupted, phy-

siological processes restore this balance. The maintenance 

of high~r Pn rates may be one such physiological process. 

Another hypothesis to explain the effect of summer 

pruning on Pn involves lateral growth, which exhibits a ra-

pid growth phase following pruning, and thereby creates a 

demand for photosynthates. As a result of this increased 

demand for photosynthates, photosynthesis is maintained 

( 26) . 

The purpose of this study was to investigate the ef-

fects of an altered root shoot ratio and lateral shoot 

growth following summer pruning on net photosynthesis, tran-

spiration, specific leaf weight, total leaf chlorophyll con-

tent, and dry matter distribution in young potted apple 

trees. 



LITERATURE REVIEW 

Effects of summer pruning on net photosynthesis, transpira-

tion, specific leaf weight, and chlorophyll content 

The normal range of net photosynthesis (Pn) in apple 

leaves is approximately 10 _to 35 mg CO2 drn- 2 hr- 1 with an 

average of 22 mg CO2 drn- 1 hr- 1 (3,5). Generally speaking, 

Pn rises to a maximum soon after full leaf expansion and 

then gradually declines (5, 26, 44). Many environmental and 

inherent factors can affect Pn in apple including scion and 

rootstock cultivar (11), light level (4,21), the presence or 

absence of fruit or other sink(s) (11), leaf age (5), water 

availability (11, 21), chemical compounds (11, 14, 21), and 

summer pruning (26, 32, 44). 

Summer pruning delays the natural decline of Pn and Tr 

in container-grown apple trees ( 26, 32, 44) . At 11 days 

after pruning, Pn and Tr of basal leaves of apple with 75% 

shoot removal were 36% and 30% greater, respectively, than 

comparable leaves on trees with no shoot removal (44). At 

26 days after pruning, Myers (32) found a 42% higher Pn of 

summer pruned apple trees with 50% shoot removal when com-

pared to an unpruned control. Studies with pruned mulberry 

trees ( Morus alba, L.) showed greater Pn rates at 6-40 days 

following treatment when compared to an unpruned control 

4 
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(39). Stimulation of Pn following pruning alone or in com-

bination with bud removal was associated with lower levels 

of leaf starch, greater mesoph¥11 cell size, larger quanti-

ties of foliar 'cytokinin-like' substances, lesser amounts 

of abscisic and phaseic acids, and increased levels of chlo-

rophyll ( 39). However, CO2 assimilation per unit chloro-

phyll was not affected by treatment. Satoh, et al. (39) 

attributed the stimulation of Pn to lesser internal const-

raints on CO2 assimilation. Transpiration rates of pr~ned 

mulberry trees showed no significant increase in comparison 

to an unpruned control (39). 

Partial defoliation of some species has also stimulated 

Pn rates. Sweet and Wareing (42) studied the Pn of 

11-week-old pine ( Pinus radiata 6 days after removing all 

fully expanded leaves. Pn in the defoliated treatment was 

27% higher than in the unpruned control. Similarly, Pn in-

creased when 1/3 of all fully expanded leaves were removed. 

It was noted, however, that the removal of undeveloped shoot 

tips and immature leaves reduced Pn when compared to an un-

pruned control (42). The increase in Pn of bean and maize 

following partial defoliation was accompanied by increased 

levels of carboxylating enzymes (48). 

Two explanations for the effect of summer pruning on Pn 

have been put forth. One hypothesis suggests that summer 
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pruning causes an increased root shoot ratio which alters 

hormone levels in the remaining leaves and thereby affects 

Pn ( 49). Following studies involving bean plants (48) and 

apple trees (49), Wareing, et al. suggested higher Pn was 

maintained in summer pruned plants due to an altered root : 

shoot ratio. The root system is a source of cytokinins 

which have been shown to delay the senescence of leaves and 

to stimulate protein and RNA synthesis (49). Summer pruning 

allows for the same amount of cytokinins and/or other growth 

regulators to be available to a smaller amount of top growth 

thus increasing, for example, the cytokinin concentration in 

remaining leaves. Indeed, the cytokinin concentration of 

mulberry foliar tissue has been shown to increase following 

summer pruning ( 3 9) . Wareing, et al. ( 48) demonstrated 

with bean plants that a stimulation of Pn and dark respira-

tion in response to defoliation could be inhibited by root 

pruning and then partially restored with cytokinin treat-

men ts. Wareing, et al. ( 49) hypothesized that a develop-

mental balance exists between a root and shoot system and 

once disrupted, physiological processes restore the balance. 

Increased photosynthetic rates may be one such physiological 

process. Taylor (44) showed that the stimulation of apple 

leaf Pn increased as pruning severity increased. It is pos-

sible that the greater the root : shoot ratio following sum-



7 

mer pruning, the greater the concentration of foliar cytoki-

nins, and the greater the stimulation of apple leaf Pn. 

The second hypothesis concerning the effect of summer 

pruning on Pn involves summer pruning's stimulation of axil-

lary bud growth (25). Rapidly developing lateral shoots may 

create an increased demand for photosynthates and as the de-

mand for photosynthates increases, Pn increases (26). How-

ever, in an experiment by Satoh, et al. (39) with mulber-

ries, regrowth of axillary buds was prevented by disbudding. 

The Pn of pruned, disbudded trees (no source of regrowth) 

was stimulated in a manner similar to that of pruned, non-

disbudded trees (regrowth present). Compared to an unpruned 

control, both pruning treatments caused greater Pn at 6-40 

days following treatment. 

In a related study, Marini and Barden (27) applied a 1% 

solution of napthaleneacetic acid (NAA) to the pruning cut 

and distal-most axillary bud of summer-pruned, containerized 

apple trees. The NAA treatment effectively prevented re-

growth. Pn of proximal and distal leaves of the NAA treated 

trees was compared against similar leaves in a control (no 

summer pruning) and a summer pruned treatment with no NAA 

application. If regrowth creates a greater demand for pho-

tosynthates thereby stimulating Pn, then the leaves which 

were closest to the regrowth (most likely the distal leaves 
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of the summer-pruned, no NAA applied treatment) should have 

been influenced more than those leaves furthest from the re-

growth. Marini and Barden noted, however, that proximal 

leaves were stimulated to a greater extent than distal 

leaves. The authors hypothesized that proximal leaves (lo-

cated closest to roots on stem) may contain greater concen-

trations of cytokinins than distal leaves following summer 

pruning. 

The relationship between Pn and various leaf parameters 

has been considered. Research attempts to correlate Pn with 

chlorophyll content (7, 13, 19, 20, 28, 39) and specific 

leaf weight (SLW) (4, 14, 20, 28, 34, 39) have resulted in 

various conflicting reports. For example, in a study in-

volving 20 varieties of soybeans, a quadratic relationship 

was suggested between Pn and chlorophyll concentration (7). 

Satoh, et al. (39) reported Pn and chlorophyll content in-

creased simultaneously (no specific equation expressed) in 

pruned mulberry trees but that CO2 assimilation per unit 

chlorophyll remained the same. In contrast, Hesketh ( 19) 

used maize and castor bean and concluded that species vary 

greatly in rate of Pn and that the variation is not related 

to chlorophyll content. Barden (4) suggested that defini-

tive correlations between Pn and chlorophyll content are va-

riable and difficult to establish. 
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SLW may be a reliable indicator of Pn. Pearce, et al. 

(34) found a high degree of correlation (r=0.64) between SLW 

and Pn in alfalfa. Highly significant linear correlations 

were also indicated with peach (20, 28) and apple (4, 24) 

but the correlation between SLW and Pn can vary under cer-

tain environmental conditions (4, 24). 

Leaf chlorophyll content and SLW as affected by summer 

pruning have been measured in mulberry ( 39) . At 30 days 

following treatment, leaf chlorophyll content was 35% great-

er on pruned compared to unpruned mulberry trees. Differ-

ences were accentuated on trees which were pruned and had no 

axillary buds; leaves of trees in this treatment had 76% 

more chlorophyll than that of unpruned trees. In this same 

study (39), SLW was 24% greater in leaves of pruned than un-

pruned mulberry trees. This increased SLW in pruned trees 

was attributed to increased leaf thickness although leaves 

on pruned trees had 35% less starch per dm2 leaf area than 

that of leaves on unpruned trees. SLW as compared on pruned 

and unpruned apple trees showed no significant treatment 

differences (44). 

Effect of summer pruning on shoot and root growth 

As previously mentioned, one objective of pruning an 

apple tree is to maintain the tree in its allotted space. 

Whether or not this objective can be accomplished with sum-
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mer pruning has been debated. Elfving ( 10), for example, 

suggested that summer pruning may be effective in maintain-

ing tree size. He reported that summer pruning in early 

July or August resulted in an average decrease in total 

shoot growth in field-grown 'Delicious' and 'McIntosh' trees 

of 10% and 40%, respective~y. Marini and Barden (24), how-

ever, found shoot extension was not suppressed the year fol-

lowing summer pruning. Instead, summer pruned 1 Stayman 1 and 

'Golden Delicious' showed 20% greater shoot length than dor-

mant pruned trees. These results suggest that summer prun-

ing may not be more effective in maintaining a tree to its 

allotted space than similar dormant pruning. With contain-

er-grown apple trees, Taylor (44) found that total dry 

weight accumulations in summer pruned trees decreased with 

increased pruning severity: Bubenheim (6) reported, howev-

er, that time of pruning (summer versus dormant) had little 

influence on the amount of shoot extension, but did deter-

mine when shoot growth occurred. Reports involving total 

tree growth and shoot extension may show variations due to 

differences in cultivar, rootstock, tree vigor, and control 

(unpruned, dormant pruned) against which summer pruned trees 

were being compared (32). 

The effect of summer pruning on tree size as expressed 

by branch or trunk circumference or cross-sectional area in-
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dicates that summer pruning is a 

25, 32, 45) . Marini and Barden 

devitalizing process ( 1, 

( 25) showed that summer 

pruning of 14-year-old apple 1:rees suppressed the increase 

in branch and trunk circumference by 40% and 20%, respec-

tively. Myers (32) found that the increase in limb cross-

sectional area over a two year period was 61% less in summer 

pruned trees than in an unpruned control. 

Taylor ( 44) divided the stern of container-grown apple 

trees into four sections and compared dry weights following 

summer pruning. At 11 weeks after treatment, the dry weight 

of all stern sections on the summer pruned trees were less 

than that of the · corresponding stern section on unpruned 

trees. Reductions in stern dry weights were greater than the 

control with increased pruning severity. Also, the percent 

dry weight of the basal stern section was less on pruned ver-

sus unpruned trees (44). In addition, the percent dry 

weight of regrowth (stem growth subsequent to summer prun-

ing) was reduced by 75% shoot removal (44). As Taylor (44) 

pruned apple trees at progressive severities, he found that 

the most severe pruning stimulated the least stem regrowth 

while the least severe pruning caused the greatest amount of 

stem regrowth. 

In general, summer pruning has been shown to increase 

total leaf number but decrease leaf size in the year pruning 
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is performed ( 6, 9, 23, 32, 44) . Maggs ( 23) and Buben...'1eim 

(6) concur that this effect is not carried over into the 

following growing season. Myers (32) noted 214% more leaves 

in pruned versus unpruned trees. Chandler (9) measured to-

tal leaf surface on 'Northern Spy' at 73 days after summer 

pruning and noticed a 30% ~o 50% decrease over an unpruned 

control. Average leaf area of summer pruned 'Delicious' 

trees with 25% shoot removal was 41% less than that of an 

unpruned control at 11 weeks after treatment ( 44). Leaf 

area of individual leaves which developed subsequent to 

pruning were 50% smaller than similar leaves on unpruned 

trees (44). The dry weight of basal leaves that had formed 

prior to summer pruning, however, increased with pruning 

severity (25%, 50%, 75% shoot removal) and all were greater 

than that of an unpruned control (44). This seems to imply 

that summer pruning caused increased leaf thickness on 

leaves which were formed prior to treatment at the expense 

of subsequent leaf area (surface area of those leaves which 

developed after summer pruning treatments). 

Summer pruning and defoliation decrease root growth in 

apple (9, 17, 18, 27, 30, 32, 35, 36, 37, 44), peach (50), 

and mulberry (38). Chandler (9) removed 40% and 60% of the 

leaf area of 'Delicious' apple trees and noticed 20% and 40% 

reductions, respectively, in the root growth after 1 season 
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of growth. 'McIntosh' apple trees which were defoliated 1 

month prior to normal leaf fall had 75% less subsequent au-

tumn root growth than trees which defoliated naturally (18). 

Taylor (44) reported summer pruned apple trees with 25%, 50% 

and 75% shoot removal accumulated 20%, 39%, and 50% less 

root dry weight, respectively, when compared to an unpruned 

control at 11 weeks after treatment. 

Hansen (16) and Quinlan (36, 37) used 14 C to identify 

the pattern of photosynthate translocation in summer pruned 

or defoliated apple trees. In control trees (no pruning, no 

defoliation), fall-produced assimilates accumulated primari-

ly in the root system. Photosynthates produced by summer 

pruned or defoliated trees, however, could be traced to 

young leaves or the shoot apex with reduced amounts of la-

belled material in the root system. 

Marini and Barden ( 27) al so used 1 4 C to trace assimi-

late patterns in apple following summer pruning. Container-

grown trees were subjected to one of the following treat-

ments: a) control; b) summer pruned to 5 leaves; or c) 

summer pruned to 5 leaves with a 1% NAA solution applied to 

the pruning cut and distal-most axillary bud. Regrowth was 

suppressed by the NAA. All trees were subjected to 14 C at 2 

and 21 days following pruning. At 2 days after pruning, all 

treatments showed a similar response with the majority of 
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photosynthate being translocated to the ~oot. Labelled car-

bon movement in the control (no pruning) at 14 days after 

pruning was similar to that at 2 days after pruning. The 

pruned, no NAA trea~ment showed 14 C-assimilate accumulation 

in regrowth with only small amounts of the labelled carbon 

in the root system at 21 d~ys following pruning treatment. 

Also at 21 days after pruning, the pruned, NAA treated trees 

accumulated more isotope in original leaf tissue than in the 

root system. This study indicates that summer pruning di-

rects assimilates away from the root system and toward the 

most active area of growth (stem and leaf regrowth) (27). 



MATERIALS AND METHODS 

Rooted stool-bed layers of Malling Merton (MM) 111 ap-

ple trees (Malus dornestica Borkh.) were cut to 22 cm in 

length and lateral roots cut to 15 cm. The rootstocks were 

planted on April 20, 1983 in 3.8 liter plastic pots contain-

ing a 1: 1: 1 mix, by volume, of sphagnum peat moss, no. 3 

horticultural vermiculite, and perlite. Dolomitic limestone 

was incorporated at a rate of 0.6 kg/m 3 of medium. 

Two weeks after planting, at bud break, trees were fer-

tilized with a 20-20-20 soluble fertilizer at a rate of 473 

ppm N, 0. 07 g per liter of a soluble trace elements mix 

(Peter's S.T.E.M.), and 15 g per pot of 14-14-14 N-P 2 0 5 -K 2 0 

Osmocote. On June 1, 3, and 5, all trees were thoroughly 

leached as soluble salt damage was detected on several 

trees. Leaching was employed until the soluble salt level 

was 1.74 mmhos/cm as measured with a Barnstead conductivity 

bridge. Fertilization was resumed on June 23, 1983 at two 

week intervals with the 20-20-20 soluble fertilizer and 

trace elements mix at 236 ppm N and 0.07 g per liter, re-

spectively. Aft~r August 25, 1983, all fertilization was 

discontinued. 

Foliar symptoms of magnesium (Mg) deficiency were ob-

served in mid-June. A foliar spray of magnesium sulfate 

15 



16 

(MgS0 4 * 7H2 0) was applied at 12.5 g per liter along with a 

soil drench of 25 ppm Mg. The magnesium deficiency began to 

disappear within one week following these initial magnesium 

sulfate treatments. An application of 25 ppm magnesium sup-

plemented the biweekly fertilization applications previously 

described. 

Pesticide treatments were utilized throughout the ex-

periment when needed. 

Trees were greenhouse grown and trained to a single 

shoot; axillary shoots were rubbed out as they emerged. On 

July 21, 1983 when shoot length averaged 73 cm, the trees 

were grouped into six blocks according to height. The ex-

periment was thereby arranged as a randomized complete block 

design; each block containing four complete replicates plus 

one tree to be used at a pretreatment date. One replicate 

per block was sampled on each of four sample dates. Treat-

ments are graphically represented in Figure 1. Treatments 

included a) check, untreated (CK); b) tipped (shoot apex 

removed) and distal 1/2 of shoot disbudded (T-DB); c) un-

tipped, distal 1/2 of shoot disbudded and defoliated 

(UT-DB-DF); d) tipped, and distal 1/2 of shoot disbudded 

and defoliated (T-DB-DF); e) pruned at mid-shoot (P); or 

f) pruned at mid-shoot and disbudded (P-DB). Leaves at the 

shoot apex of treatment UT-DB-DF which emerged subsequent to 
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treatment were removed when they expanded to approximately 2 

cm. Reference to specific treatments made hence in this in-

vestigation will be by the above mentioned abbreviations. 

Treatment P was similar to that reported in previous 

pruning studies using potted apple trees (32, 44). Disbud-

ding as incorporated with pruning in treatment P-DB inhibit-

ed lateral shoot growth. Treatment P-DB was thus used as a 

model to determine the role of lateral shoots in the res-

ponse of trees to pruning. 

Trees of treatments T-DB and T-DB-DF were compared with 

those of P to investigate the effects of an altered root : 

shoot ratio on physiological and growth parameters in apple. 

Both T-DB and T-DB-DF involved the removal of the shoot apex 

( and apical dominance) as occurred in treatment P. Also, 

T-DB and T-DB-DF were disbudded to mid-shoot so any lat.eral 

growth occurring subsequent to treatment application would 

develop at positions on the shoot comparable to those of 

shoots developing on treatment P. T-DB involved no defolia-

tion and thus alteration in root : shoot ratio at treatment 

was minimized. Treatment T-DB-DF, however, involved defoli-

ation (removal of distal leaves) and an altered (increased) 

root shoot ratio at treatment. Immediately following 

treatment, the root shoot ratios of CK, P, T-DB, and 

T-DB-DF were 0.19, 0.32, 0.19, and 0.26, respectively. 



a. check, untreated (CK) 

c. untipped, top 4 of 
shoot disbudded and 
defolia~e<l (UT-DB-OF) 

e. pruned at mid-shoot (P) 

Figure 1. 

18 

b. tipped, top ~ of 
shoot disbudded (T-DB) 

d. tipped, top 4 of 
shoot disbudded and 
defoliated (T-DB-DF) 

f. pruned at mid-shoot, 
disbudded (P-DB) 

Treatments. 
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Treatment UT-DB-DF was similar to T-DB-DF in that both 

treatments involved disbudding and defoliation to mid-shoot. 

UT-DB-DF involved no tipping, ~owever, and therefore had an 

intact shoot apex. Treatments UT-DB-DF and T-DB-DF were 

used as models to evaluate the role of the shoot apex. 

The 5th leaf below the mid-shoot pruning cut and cor-

responding leaves on all other treatment trees were selected 

for the measurement of Pn and Tr 2 days prior to treatment 

and 14, 28, 42, and 56 days following treatment. The exper-

iment was terminated at 56 days after treatment. Pn and Tr 

were measured by techniques similar to those previously de-

scribed (12). Photosynthetically active radiation (PAR) was 

supplied by four 500 watt reflector flood lamps at 900 mi-

cro-Einsteins m- 2 s- 1 • The lamps were situated 2 cm above 

an 18 cm deep flowing water bath which filtered infrared ra-

diation. Plexiglass leaf chambers as described by Syvertsen 

and Smith (43) were used with a modification in size (18 x 

13. 5 x 3 cm). Leaf chamber temperature was maintained at 

28°C ± 2°C and the air flow rate was 3 L min- 1 • Pn was mea-

sured using a Beckman 865 infrared gas analyzer along with a 

Sargent Recorder. A General Eastern 110 AP dewpoint hygrom-

eter was employed to measure Tr. Leaf area was calculated 

by multiplying the product of the length and width by 0.70 

(12). 



20 

To determine SLW, ten leaf discs measuring 3.26crn 2 were 

taken with a paper punch from the leaf on which Pn and Tr 

were measured. The discs were dried at· 65°c and weighed. 

In addition, eight leaf discs were taken from the same 

leaves, placed in 10 ml of 80% methanol, and held in dark-

ness at room temperature fo! 48 hours. Chlorophyll concen-

tration was determined using a spectrophotometer (27). To-

tal chlorophyll per unit leaf area was calculated by methods 

described by Cosio, et al. (8). 

Shoot and shank (original rootstock stem piece) diame-

ters were measured at dates previously detailed for Pn and 

Tr. Shoot diameter was measured at 5 cm above its origin; 

shank diameter was measured 5 cm below the top of the shank. 

On all dates, trees were cut into seven sections for 

the determination of dry weight. These seven sections in-

cluded roots, shank, stem below the pruning cut (basal 

stem), leaves below the pruning cut ( basal leaves), stem 

above the pruning cut (distal stem; present on unpruned 

treatments), leaves above the pruning cut (distal leaves; 

present on unpruned treatments), and subsequent growth (all 

stern and leaf growth which developed after treatmentr (Fig-

ure 2). Leaf number and area were measured on all growth 

sections. All tree sections were dried at 65°C and weighed. 

Root : shoot ratio was calculated as the ratio of root dry 
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weight to the total stem and leaf dry weight of a tree. 

Root plus shank: shoot ratio was calculated as the ratio of 

root plus shank dry weights to the total stem and leaf dry 

weight of a tree. 

Data were subjected to analysis of variance followed by 

mean separation according to Tukey's test. 

levels were set at 5%. 

Significance 
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} SUBSEQUENT 
GROWTH 

DISTAL LEAVES1 
STEM 

BASAL LEAVES-, 
STEM 

---SHANK 

--- ROOTS 

Figure 2. Diagram of tree section designation on untreated~ 111 
apple tree. All lateral shoot growth was included with 
"subsequent growth", regardless of location on stem, 



RESULTS 

Net Photosynthesis (Pn) 

Two days before treatment, Pn averaged 29.6 mg CO2 dm- 2 

hr- 1 on leaves of representative trees. 

Pn of untreated (CK) trees eventually exhibited a de-

cline, reaching a minimum 56 days after treatment (Table 1). 

At 14 days after treatment, there were no treatment differ-

ences in Pn. However, differences in Pn among treatments 

were measured at 28, 42, and 56 days after treatment. At 28 

days after treatment, leaves on trees of UT-DB-DF, P, and 

P-DB had greater Pn than leaves on CK trees. By 42 days 

after treatment Pn of UT-DB-DF, P-DB, and T-DB-DF leaves was 

greater than that of CK leaves. However, there was no dif-

ference in Pn between P and CK trees at 42 days after treat-

ment. The leaves on trees in all treatments exhibited an 

eventual decline in Pn by 56 days after treatment. However, 

at 56 days after treatment, Pn of leaves on trees in the 

UT-DB-DF, T-DB-DF, and P-DB treatments averaged of 102% 

higher than the average Pn of leaves on trees in the CK and 

P treatments. 

Transoiration (Tr) 

Two days before treatment, Tr averaged 1.74 g H2 0 dm - 2 

23 



Table 1. Effect of tipping, disbudding, defoliating, and pruning on net 
photosynthesis of young, MMlll apple trees. 

Net photosynthesis (mg CO2 dm-2 hr-1) 
•rreatrnent 

Check, untreated (CK) 

Tipped, distal 50% disbudded 
(T-DB) 

Untipped, distal 50% disbudded 
and defoliated (UT-DB-DF) 

Tipped, distal 50% dlsbudded 
and defoliated (T-DB-DF) 

Pruned at mid-shoot (P) 

Pruned at mid-shoot, 
disbudded (P-DB) 

14 

27.7a z 

26.3a 

26.5a 

28.Ba 

23.7a 

29.5a 

Days after treatment 
28 42 

16.2b 16.lc 

19.9ab 18.0bc 

25.7a 26.3a 

22.lab 23.3ab 

22.Ba 21. 4abc 

22.6a 24.9a 

zMean separation within columns by Tukey's test (P < 0.05). 

56 

7.lc 

10.3bc 

17.7a 

14.9ab 

9.5c 

18.0a 

N 
+>, 
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Transpiration rates of leaves from CK trees increased 

to reach a maximum at 42 days after treatment and then de-

clined to a minimum at 56 day.s after treatment (Table 2). 

There were no differences in Tr among treatments at 14 days 

after treatment. At 28 days following treatment, leaves on 

trees of the UT-DB-DF treatment had a greater Tr than leaves 

of treatment CK. Tr of leaves in the T-DB, T-DB-DF, and P 

treatments was similar to all other treatments at 28 days 

after treatment. Measurement at 42 days following treatment 

showed that leaves of the T-DB-DF treatment had higher Tr 

than leaves of CK and T-DB treatments. On day 56 after 

treatment, Tr of leaves in the UT-DB-DF and P-DB treatments 

was greater than Tr of leaves in CK, T-DB, and P treatments. 

Also the Tr of T-DB-DF treated leaves was higher than that 

of CK treated leaves at 56 days following treatment. 

Specific leaf weight (SLW) 

Two days before treatment SLW averaged 5.2 mg cm- 2 on 

leaves of representative trees. 

In general, the SLW of leaves in all treatments in-

creased from the pre-treatment average to a high at 56 days 

after treatment (Table 3). No differences in SLW were de-

tected among treatments at 14 and 28 days after treatment. 

At 42 and 56 days following treatment, SLW of leaves in both 

T-DB and P-DB treatments was greater than that of leaves in 



Table 2. Effect of tipping, disbudding, defoliating, and pruning on 
transpiration of young, MMlll apple trees. 

'l'ranspira tion {g H20 dm-2 hr-1) 
'l'rea tmen t Days after treatment 

14 28 42 56 

Check, untreated {CK) 1. 7a z 1. 7b 2.0b l. lc 

'l'ipped, distal 50% disbudded 1. 7a l.9ab 2.lb l.4bc 
{'l'-DB) 

Un tipped, distal 50% disbudded 1.9a 2.5a 2.6ab 2.5a 
and defoliated {UT-DB-OF) 

'l'ipped, distal 50% disbudded 1. 7a 2.0ab 2.8a 2.0ab 
and defoliated {'l'-DB-DF) 

Pruned at mid-shoot { p) 1. 7a l.9ab 2.3ab l.6bc 

Pruned at mid-shoot, 1. Ba l.9ab 2.6ab 2.6a 
disbudded (P-013) 

2 Mea11 separation within columns by Tukey's test (P < 0.05). 

N 
Q\ 
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the P treatment. However, the SLW of leaves from tK, 

UT-DB-DF, and T-DB-DF treatments were not different from 

those of other treatments at 42 and 56 days following treat-

ment. 

Correlation of SLW and Pn 

There were no significant correlations between SLW and 

Pn of leaves at any day following treatment. 

Chloroohyll content 

In general, the chlorophyll content of leaves in all 

treatments appeared to increase over time, reaching a maxi-

mum at 42 days following treatment (Table 4). Trees of the 

P treatment were an exception as the chlorophyll content of 

leaves in this treatment appeared to peak at day 28 after 

treatment and decrease thereafter. 

At 14 days subsequent to treatment, leaves of UT-DB-DF, 

T-DB-DF, and P treatments had greater chlorophyll content 

than leaves of the T-DB treatment. On day 28 after treat-

ment, UT-DB-DF, T-DB-DF, P, and P-DB treatments had more 

chlorophyll per leaf area than leaves of the CK and T-DB 

treatments. By 56 days after treatment, leaves of UT-DB-DF, 

T-DB-DF, and P-DB treatments had greater amounts of chloro-

phyll than leaves of CK, T-DB, and P treatments. 



•rable 3. Effect of tipping, disbudding, defoliating, and pruning on specific 
leaf weight of young MMlll apple trees. 

Specific leaf weight (mg dry wt cm-2) 
Treatment Days after treatment 

14 28 42 56 

Check, untreated (CK) 5.7a z 6.0a 6.7ab 7.4ab 

'l'ipped, distal 50% disbudded 6.la 6.5a 7.4a 8.0a 
('l'-DB) 

Untipped, distal 50% disbudded 5.7a 6.3a 6.7ab 7.3ab 
and defoliated (UT-Dll-DF) 

'l'ipped, distal 50% disbudded 5.9a 6.7a 6.7ab 7.2ab 
and defoliated ('11 -DB-DF) 

Pruned at mid-shoot (P) 6.0a 6.0a 6.3b 6.7b 

Pruned at mid-shoot, 6.la 6.8a 7.3a 7.9a 
disbudded (P-OB) 

2 Mean separation within columns by Tukey's test (P < 0.05). 

I'-.) 
00 



Table 4. Effect of tipping, disbudding, defoliating, and pruning on total 
chlorophyll content of young, MMlll apple trees. 

•rrea trnen t 

Check, untreated (CK) 

Tipped, distal 50% disbudded 
(T-DB) 

Untipped, distal 50% disbudded 
and defoliated (UT-DB-DF) 

Tipped, distal 50% disbudded 
and defoliated (T-DB-DF) 

Pruned at mid-shoot (P) 

Pruned at mid-shoot, 
disbudded (P-DB) 

14 

497ab 2 

430b 

606a 

586a 

622a 

557ab 

Total chlorophyll per leaf 
area (mg Chl m-2) 

Days after treatment 
28 42 

457b 

500b 

632a 

640a 

621a 

680a 

484c 

470c 

715a 

667ab 

529bc 

728a 

~Mean separation within columns by Tukey's test (P < 0.05). 

56 

301b 

3'18b 

590a 

498a 

356b 

624a 

t.) 
fJj 
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Pn ~ unit chloroohvll 

There were differences in both Pn and total chlorophyll 

among treatments at all dates following treatment {Tables l, 

4, respectively). However, when Pn was expressed on a per 

unit chlorophyll basis (mg CO2 mg- 1 chl hr- 1 ), there were no 

treatment differences at anr date after treatment (Table 5). 

Correlation of chlorophyll content and Pn 

There were no significant correlations between total 

chlorophyll content and Pn of leaves at 14 and 28 days fol-

lowing treatment. However, at 42 and 56 days after treat-

ment, correlation coefficients of 0.68 and 0.74, respective-

ly, were found between chlorophyll content and Pn. Highly 

significant regressions (P<0.01) were found for chlorophyll 

content and Pn at 42 and 56 days after treatment, yielding 

r 2 values of 0.47 and 0.55, respectively. 

Total tree dry weight 

Total tree dry weight at 2 days before treatment aver-

aged 26. 5 g. 

In general, the total tree dry weight of all treatments 

increased over time, reaching a maximum 56 days after treat-

ment (Table 6). At 14 and 28 days after treatment, trees of 

the CK and T-DB treatments had greater total dry weights 

than trees from all other treatments. Trees in the CK 



Table 5. Effect of tipping, disbudding, defoliating, and pruning on net 
photosynthesis per unit chlorophyll of young MMlll apple trees. 

'l'rea tmen t 

Check, untreated (CK) 

'I'ipped, distal 50% disbudded 
('f-lJB) 

Un tipped, distal 50% disbudded 
and defoliated (U'f-DB-Dl") 

·ripped, distal 50% disbudded 
and defoliated ('l'-DB-DI.") 

Pruned at mid-shoot (P) 

Pruned at mid-shoot, 
disbudded (P-DB) 

Net photosynthesis per unit chlorophyll 
(mg CO2 mg-1 Chl hr-1) 

Days after treatment 
14 28 42 56 

5.7a z 3.7a 3.4a 2.4a 

6.4a 4.0a 3.0a 3.5a 

4.4a 4.3a 3.8a 3.0a 

5.la 3.6a 3.4a 3.la 

4.2a 3.8a 4.la 2.7a 

5.5a 3.5a 3.5a 2.9a 

2 Mean separation within columns by Tukey's test (P < 0.05). 

vi ,~ 
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treatment had the greatest total dry weight at 42 and 56 

days after treatment, followed by trees of the T-DB treat-

ment. Also at 56 days subsequent to treatment, trees in the 

UT-DB-DF, T-DB-DF, and P-DB treatments had the lowest total 

dry weight. 

Dry weight of subsequent growth 

Because axillary buds were removed, trees in T-DB and 

P-DB treatments had no lateral shoot growth at 14 through 56 

days after treatment {Table 7, 22). The amount of subse-

quent growth developing in trees of the UT-DB-DF treatment 

at 28, .42, and 56 days after treatment was not different 

from that of T-DB and P-DB. At 14 and 28 days after treat-

ment, trees of the CK treatment had the greatest amount of 

subsequent growth. Trees from both CK and P treatments had 

the greatest amounts of total subsequent growth at 42 and 56 

days after treatment. 

Dry weight of basal stem 

The average basal stem dry weight at 2 days before 

treatment was 4.8 g. 

No treatment differences at day 14 after treatment were 

found for basal stem dry weights ( Table 8) whereas at day 

28, CK and T-DB had greater basal stem dry weights than that 

of T-DB-DF and P. Trees of CK and T-DB treatments had 



Table 6. Effect of tipping, disbudding, defoliating, and pruning on total 
tree dry weight of young MMlll apple trees. 

'l'rea tmen t 

Check, untreated (CK) 

Tipped, distal 50% disbudded 
(T-DB) 

Untipped, distal 50% disbudded 
and defoliated (UT-DD-DF) 

Tipped, distal 50% disbudded 
and defoliated (T-DD-DF) 

Pruned at mid-shoot (P) 

Pruned at mid-shoot, 
disbudded (P-DB) 

14 

44.4az 

43.2a 

30.lb 

29.4b 

27.3b 

27.8b 

Total tree dry weight (g) 
Days after treatment 

28 42 

59.2a BO.la 

53.2a 69.61.) 

36.6b 39.0c 

33.Bb 40.Bc 

31.6b 44.2c 

33.9b 37.8c 

zMean separation within columns by Tukey's test (P < 0.05). 

56 

93.3a 

79.0b 

44.0d 

47.ld 

58.6c 

43.3d 

VI u 



Table 7. Effect of tipping, disbudding, defoliating, and pruning on dry 
weight of subsequent growth of young MMlll apple trees. 

Dry weight of subsequent growth (g) 
'l'rea tmen t Days after treatment 

14 28 42 56 

Check, untreated (CK) 3.la z 7.9a 15.la 19.4a 

•ripped, distal 50% disbudded O.Oc O.Oc O.Ob O.Oc 
(T-DB) 

Untipped, distal 50% disbudded 0.6b l.Oc l. Ob 0.9c 
and defoliated (UT-DB-OF) 

Tipped, distal 50% disbudded O.Oc 0.8c 3.lb 5.6b 
and defoliated ('l'-DB-DF) 

Pruned at mid-shoot ( p) 0.4b 4.9b 12.6a 21. 4a 

Pruned at mid-shoot, O.Oc O.Oc O.Ob O.Oc 
disbudded (P-DB) 

2 Mean separation within columns by Tukey's test (P<0.05). 

<A 
.i:. 
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greater basal stem dry weights than all other treatments at 

42 and 56 days after treatment. 

Dry weight of distal stem 

· The average distal stem dry weight at 2 days before 

treatment was 2.1 g. 

At all dates following treatment, P and P-DB accumulat-

ed no distal stem dry weight due to pruning at mid-shoot 

(Table 9). Stem portions which developed from lateral 
. 

growth on P after treatment were included in total subse-

quent growth (Table 7). 

Trees from treatment CK had a greater distal stern dry 

weight at 14 days after treatment than all other treatments. 

The distal stem dry weight of trees from the T-DB treatment 

at 14 days after treatment was greater than that of trees 

from the UT-DB-DF and T-DB-DF treatments. At 28 and 42 days 

following treatment, the distal stem dry weights of CK and 

T-DB were the same and greater than the distal stem dry 

weights of UT-DB-DF and T-DB-DF. Trees from the CK treat-

. ment had the greatest distal stem dry weight at 56 days aft-

er treatment. Also at 56 days after treatment, T-DB had a 

greater distal stem dry weight than that of UT-DB-DF and 

T-DB-DF. 



Table. 8. Effect of tipping, disbudding, defoliating, and pruning on dry 
weight of basal stem sections of young, MMlll apple trees. 

'l'rea tmen t 

Check, untreated (CK) 

Tipped, distal 50% disbudded 
(T-DB) 

Untipped, distal 50% disbudded 
and defoliated (UT-DB-OF) 

Tipped, distal 50% disbudded 
and defoliated (T-DB-DF) 

Pruned at mid-shoot (P) 

Pruned at mid-shoot, 
disbudded (P-DB) 

14 

8.3az 

8.2a 

7.0a 

7.2a 

7.0a 

6.9a 

Basal stem dr~ wei~ht (g:) 
Days after treatment 

28 42 

11. 2ab 14.4a 

11. Sa 14.9a 

8.9bc 9.Bb 

8.2c 10.4b 

8.3c 10.2b 

9.Sabc 10.6b 

2 Mean separation within columns by Tukey's test (P < 0.05). 

56 

16.8a 

16.2a 

10.8b 
w 
°' 10.8b 

12.4b 

10.3b 



Table 9. Effect of tipping, disbudding, defoliating, and pruning on dry 
weight of distal stem sections of young, MMlll apple trees. 

'l'reatment 

Check, untreated (CK) 

Tipped, distal 50% disbudded 
(T-DB) 

Untipped, distal 50% disbudded 
and defoliated (UT-DB-DP) 

Tipped, distal 50% disbudded 
and defoliated (T-DB-DF) 

Pruned at mid-shoot (P) 

Pruned at mid-shoot, 
disbudded (P-DB) 

14 

5.8az 

4.9b 

4.0c 

3.4c 

O.Od 

O.Od 

Distal stem dry weight (g) 
Days after treatment 

28 42 

8.4a 

7.Sa 

4.9b 

4.0b 

O.Oc 

O.Oc 

10.9a 

9.5a 

5.9b 

4.5b 

O.Oc 

O.Oc 

2 Mean separation within columns by Tukey's test (P < 0.05). 

56 

12.4a 

10.0b 

6.3c 

4.9c 

O.Od 

O.Od 

C.,l 
--.i 
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Dry weight of basal leaves 

The dry weight of basal leaves at 2 days before treat-

ment on representative trees averaged 3.8 g. 

No treatment differences for the dry weight of basal 

leaves were found at 14 and 42 days after treatment (Table 

10). At day 28, the dry ~eight of basal leaves from P-DB 

was greater than that of P. The dry weights of basal leaves 

from T-DB, UT-DB-DF, and P-DB were greater than that of Pat 

56 days following treatment. 

Dry weight of distal leaves 

The average dry weight of distal leaves at 2 days be-

fore treatment from representative trees was 4.1 g. 

The dry weight of distal leaves for UT-DB-DF and 

T-DB-DF was 0.0 g at all days after treatment due to defoli-

ation (Table 11). Trees of treatments P and P-DB also accu-

mulated no dry weight in distal leaves after treatment as 

they were pruned at mid-shoot. Any leaves which developed 

on lateral growth after the pruning of trees from treatment 

P were included with total subsequent growth (Table 7). 

At 14 and 28 days after treatment, dry weights of dis-

tal leaves from trees of the CK and T-DB treatments were not 

different. However, at 42 and 56 days following treatment, 

trees from the T-DB treatment had a greater dry weight of 

distal leaves than that of CK. 



Table 10. Effect of tipping, disbudding, defoliating, and pruning on dry 
weight of basal leaves of young, MMlll apple trees. 

•rreatment 

Check, untreated (CK) 

Tipped, distal 50% disbudded 
(T-DB) 

Untipped, distal 50% disbudded 
and defoliated (UT-DB-DF) 

Tipped, distal 50% disbudded 
and defoliated (T-DB-DF) 

Pruned at mid-shoot (P) 

Pruned at mid-shoot, 
disbudded (P-DB) 

Dry weight of basal leaves (g) 
Days after treatment 

14 28 42 

z 4.2a 

4.6a 

4.6a 

4.6a 

4.5a 

4.4a 

4.6ab 

4.9ab 

4.Bab 

4.5ab 

4.4b 

5.9a 

5.3a 

4.9a 

5.0a 

5.0a 

4.3a 

5.Sa 

zMean separation within columns by Tukey's test (P < 0.05). 

56 

4.7ab 

5.4a 

5.2a 

4.9ab 

3.8b 

5.8a 

v1 
(!) 



Table 11. Effect of tipping, disbudding, defoliating, and pruning on dry 
weight of distal leaves of young, MMlll apple trees. 

Dry weight of distal leaves (g) 
Treatment Days after treatment 

14 28 42 56 

Check, untreated (CK) 7.la 8.la 8.6b 9.lb 

'l'ipped, distal 50% disbudded 7.7a 8.7a 10.7a 10.5a 
(T-DB) 

Un tipped, distal 50% di~budded O.Ob O.Ob O.Oc O.Oc 
and defolia'ted (UT-DB-DF) 

Tipped, distal 50% disbudded O.Ob O.Ob O.Oc O.Oc 
and defoliated ('r-DB-DF) 

Pruned at mid-shoot (P) O.Ob O.Ob O.Oc O.Oc 

Pruned at mid-shoot, O.Ob O.Ob O.Oc O.Oc 
disbudded (P-DB) 

zMean separation within columns by Tukey's test (P < 0.05). 

.t,. 
0 
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Total leaf number~ tree 

The total leaf number per tree of representative trees 

at 2 days before treatment aver.aged 40. 3 leaves. 

The total number of leaves on trees of the CK treatment 

increased from 14 to 56 days after treatment {Table ·12). At 

14 days after treatment, trees of the CK treatment had more 

leaves than any other treatment. T-DB had more leaves at 14 

days after treatment than UT-DB-DF, T-DB-DF, P, and P-DB. 

At 28, 42, and 56 days after treatment, trees from the P 

treatment had more leaves per tree than any other treatment. 

Trees of treatment CK had more leaves per tree than T-DB, 

UT-DB-DF, and P-DB at 28, 42, and 56 days after treatment. 

Total leaf area per tree 

At 2 days before treatment, the total leaf area of re-

presentative trees averaged 1,382 cm2 • 

Total leaf area of CK trees was greater at day 56 than 

at day 14 after treatment and was greater than all other 

treatments at both days (Table 13). At 14 days following 

treatment, T-DB had a greater total leaf area than that of 

UT-DB-DF, T-DB-DF, P, and P-DB. When measured at 56 days 

after treatment, the total leaf area of P was greater than 

that of T-DB, UT-DB-DF, T-DB-DF, and P-DB. 



Table 12. Effect of tipping, disbudding, defoliating, and pruning on total 
leaf number of young, MMlll apple trees. 

Treatment 

Check, untreated (CK) 

Tipped, distal 50% disbudded 
(T-DB) 

Untipped, distal 50% disbudded 
and defoliated (UT-DB-DF) 

Tipped, distal 50% disbudded 
and defoliated (T-DB~DF) 

Pruned at mid-shoot (P) 

Pruned at mid-shoot, 
disbudded (P-DU) 

1r~- --

49.0a z 

36.8b 

23.Sc 

23.2c 

26 .. Sc 

22.0c 

'l'otal leaf number 
Dais after treatment 

28 42 

61.7b 74.0b 

39.3c 36.2c 

24.7cd 22.2c 

26.Scd 46.3bc 

83.7a 115.0a 

23.8d 23.0c 

zMean separation within columns by Tukey's test (P < 0.05). 

56 

64.7b 

37.8cd 

26.2d 

54.Sbc 

121.2a 

22.5d 

.i. 
N 



. 
Table 13. Effect of tipping, disbudding, defoliating, and 

pruning on total leaf area·of young, MMlll apple 
trees. 

Treatment 

Check, untreated (CK) 

Tipped, distal 50% disbudded 
(T-DB) 

Un tipped, distal 50% disbudded 
and defoliated (UT-DB-DP) 

Tipped, distal 50% disbudded 
and defoliated (T-DB-DF) 

Pruned at mid-shoot ( p) 

Pruned at mid-shoot, 
dis budded (P-DB) 

Total leaf area (cm2) 
Days after treatment 

14 56 

2208a 2 2980a 

1830b 1835c 

757c 690e 

736c 1194d 

739c 2574b 

681c 735e 

2 Mean separation within columns by Tukey's test (P < 0.05). 

.,::.. 
vi 
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Average leaf size~ tree 

The average leaf size of representative trees at 2 days 

before treatment was 34.3 cm2 • 

The average leaf size of all leaves ( those remaining 

and from new growth) on CK trees was greater at day 56 com-

pared to day 14 (Table 14). At 14 days after treatment, the 

average leaf size of CK trees was greater than that of trees 

from T-DB-DF, P, and P-DB treatments. Also at 14 days fol-

lowing treatment, the average leaf size of T-DB trees was 

greater than that of UT-DB-DF, T-DB-DF, P, and P-DB. At 56 

days after treatment, trees from treatments CK and T-DB had 

a greater average leaf size than that of all other treat-

ments. Also at 56 days after treatment, the average leaf 

size of P-DB trees was greater than that of P trees. 

Shank diameter 

A 9.9 mm average shank diameter was recorded at 2 days 

before treatment. Thereafter, the shank diameter increased 

to reach a maximum at 56 days following treatment. Trees of 

treatment P were an exception; at 14 to 28 days after treat-

ment the average shank diameter of P decreased from 11.3 mm 

to 10.9 mm, a 4% decrease. No differences were found among 

shank diameters at 14, 28, and 56 days after treatment (Ta-

ble 15). The sh3 nk diameter at 42 days after treatment of 

T-DB was greater than those of T-DB-DF, P, and P-DB. 



Table 14. Effect of tipping, disbudding, defoliating, and 
pruning on average leaf size of young, MMlll apple 
trees~ 

'I'rea tmen t 

Check, untreated (CK) 

Tipped, distal 50% disbudded 
(T-DB) 

Untipped, distal 50% disbudded 
and defoliated (UT-DB-OF) 

Tipped, distal 50% disbudded 
and defoliated (T-DB-DF) 

Pruned at mid-shoot (P) 

Pruned at mid-shoot, 
disbudded (P-DB) 

Average leaf size (cm2) 
Days after treatment 
14 56 

45.0ab 

51.3a 

32.2b 

31. 8c 

30.3c 

31.lc 

46.6a 

48.6a 

30.9Lc 

2 3. 2bc 

21. 3c 

32.8b 

2 Mean separation within columns by Tukey's test (P < 0.05). 

~ 
(JJ 



Table 15. Effect of tipping, disbudding, defoliating, and pruning on shank 
diameter of young, MMlll apple trees. 

Treatment 

Check, untreated (CK) 

Tipped, distal 50% disbudded 
(T-DB) 

Untipped, distal 50% disbudded 
and defoliated (UT-DD-DF) 

Tipped, distal 50% disbudded 
and defoliated (T-DB-DF) 

Pruned at mid-shoot (P) 

Pruned at mid-shoot, 
disbudded (P-DB) 

14 

10.9az 

10.8a 

11. Oa 

11.0a 

11.3a 

11. 4a 

Shank diameter (nun) 
Days after treatment 

28 42 

11. 3a 

11. 8a 

11.7a 

11.2a 

10.9a 

11.6a 

12.2ab 

13.4a 

12.2ab 

11. 4b 

11. 5b 

11. 9b 

zMean separation within columns by Tukey's test (P < 0.05). 

56 

13.3a 

13.4a 

12.3a 

12.3a 

12.6a 

12.9a 

~ 

°' 
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Shoot diameter 

A 6.3 mm average shoot diameter was recorded at 2 days 

before treatment. Thereafter, the shoot diameter increased 

in all treatments to reach a maximum at 56 days after treat-

ment (Table 16). At 14 and 28 days after treatment, T-DB 

had a greater shoot diameter than that of P. Trees of 

treatments CK and T-DB had greater shoot diameters than that 

of all other treatments at 42 and 56 days subsequent to 

treatment. 

Root dry weight 

The average root dry weight at 2 days before treatment 

was 2.8 g. From 2 days before to 56 days after treatment, 

the root dry weights of all treatments increased to reach a 

maximum at 56 days after treatment ( Table 17) . Trees of 

treatment P were an exception; at 14 to 28 days after treat-

ment the average root dry weight of P decreased from 3.8 g 

to 3.2 g, a 16% decrease. 

At 14 and 28 days after treatment, the root dry weight 

of T-DB was significantly greater than that of all other 

treatments. UT-DB-DF, T-DB-DF, and P had the smallest root 

dry weights at 14 days following treatment. At 28 days aft-

er treatment, UT-DB-DF and P had smaller root dry weights 

than all other treatments. CK and T-DB had greater root dry 

weights than all other treatments at 42 and 56 days subse-

quent to treat~ent. 



Table 16. Effect of tipping, disbudding, defoliating, and pruning on shoot 
diameter of young, MMlll apple trees. 

Treatment 

Check, untreated (CK) 

Tipped, distal 50% disbudded 
(T-DB) 

Untipped, distal 50% disbudded 
and defoliated (UT-DB-DF) 

Tipped, distal 50% disbudded 
and defoliated (T-DB-DF) 

Pruned at mid-shoot (P) 

Pruned at mid-shoot, 
disbudded (P-DB) 

14 

z 7.8ab 

8.0a 

7.2ab 

7.4ab 

7.0b 

7.4ab 

Shoot diameter (mm) 
Days after treatment 

28 42 

8.5ab 

8.6a 

7.8ab 

7.6ab 

7.5b 

7.8ab 

10.0a 

10.3a 

8.4b 

8.)b 

8.6b 

8.5b 

zMean separation within columns by Tukey's test (P < 0.05). 

56 

10.6a 

10.5a 

8.5b 

8.2b 

9.2b 

8.5b 

~ 
00 



Table 17. Effect of tipping, disbudding, defoliating, and pruning on root 
dry weight of young, MMlll apple trees. 

Treatment 

Check, untreated (CK) 

Tipped, distal 50% disbudded 
(T-DB) 

Untipped, distal 50% disbudded 
and defoliated (UT-DB-DF) 

Tipped, distal 50% disbudded 
and defoliated (T-DB-DF) 

Pruned at mid-shoot (P) 

Pruned at mid-shoot, 
disbudded (P-DB) 

14 

5.lbz 

6.6a 

3.4c 

3.6c 

3.Bc 

4.4bc 

Root dry weight (g) 
Days after treatment 

28 42 

6.4b 

8.2a 

3.4d 

4.2cd 

3.2d 

5.Bbc 

10.7a 

10.9a 

4.5c 

4.9c 

4.8c 

7.4b 

zMean separation within columns by Tukey's test (P < 0.05). 

56 

13.Ba 

16.4a 

5.9b 

5.6b 

5.7b 

8.0b 

.j:. 
\D 
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Shank dry weiqht 

Two days before treatment, the shank dry weight of re-

presentative trees averaged 8. 8 g. Thereafter to day 56 

after treatment there was a gradual increase in the shank 

dry weight of all treatments with the exception of treatment 

P (Table 18). From day 14 ~o 28 after treatment, the aver-

age shank dry weight of treatment P decreased from 11.7 g to 

10.9 g, a 7% decrease. From 28 to 56 days after treatment, 

the shank dry weight of treatment P gradually increased to 

reach a maximum at 56 days following treatment. 

No treatment differences for shank dry weight were 

found at 14 and 28 days after treatment. At day 42 after 

treatment trees of T-DB had a greater shank dry weight than 

that of UT-DB-DF, T-DB-DF, P, and P-DB. Shank dry weights 

for CK and T-DB were not different at 42 days after treat-

ment. T-DB had a greater shank dry weight than that of 

UT-DB-DF, T-DB-DF, and P at 56 days following treatment. 

Also at 56 days after treatment, the shank dry weight of 

P-DB was greater than that of UT-DB-DF and T-DB-DF. 

Root plus shank dry weight 

The average root plus shank dry weight of respresenta-

ti ve trees at 2 days prior to treatment was 11. 6 g. The 

root plus shank dry weight of all treatments increased from 

the pretreatment date to 56 days after treatment. The root 



Table 18. Effect of tipping, disbudding, defoliating, and pruning on shank 
dry weight of young, MMlll apple trees. 

'l'rea tmen t 

Check, untreated (CK) 

Tipped, distal 50% disbudded 
(T-DB) 

Untipped, distal 50% disbudded 
and defoliated (UT-DB-DF) 

Tipped, distal 50% disbudded 
and defoliated (T-DB-DF) 

Pruned at mid-shoot (P) 

Pruned at mid-shoot, 
disbudded (P-DB) 

14 

10.9az 

11.2a 

11.6a 

10.6a 

11. 7a 

12.2a 

Shank dry weight (g) 
Days after treatment 

28 42 

12.6a 

14.0a 

13.7a 

12.la 

10.9a 

12.8a 

15.lab 

18.6a 

12.8b 

12.Bb 

12.4b 

14.3b 

2 Mean separation within columns by Tukey's test (P < 0.05). 

56 
--
17.2abc 

20.5a 

15.0c 

15.3c 

15.3bc 

19.lab 

lJl 
1-4 
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plus shank dry weight of treatment P was an exception as it 

decreased from 15.5 g at 14 days after treatment to 14.1 g 

at 28 days after treatment, a 9% decrease. The root plus 

shank dry weight of treatment P increased from 28 to 56 days 

following treatment to reach a maximum at 56 days after 

treatment. 

There were no treatment differences at 14 days after 

treatment for root plus shank dry weights (Table 19). At 28 

days after treatment, trees of the T-DB treatment had a 

greater root plus shank dry weight than that of UT-DB-DF, 

T-DB-DF, and P. Trees from treatment CK also had a greater 

root plus shank dry weight than those of treatment Pat 28 

days after treatment. Trees from CK and T-DB treatments had 

greater root plus shank dry weights at 42 days after treat-

ment than that of all other treatments. At 56 days after 

treatment, trees from the T-DB treatment had a greater root 

plus shank dry weight than any other treatment. UT-DB-DF, 

T-DB-DF, and P had the lowest root plus shank dry weights at 

56 days after treatment. 

Root: shoot ratio 

Two days before treatment, the root 

representative trees averaged 0.19. 

shoot ratio of 

The root: shoot ratio of CK trees reached a maximum at 

56 days after treatment (Table 20). This was also the case 



Table 19. Effect of tipping, disbudding, defoliating, and pruning on root 
plus shank dry weight of young, MMlll apple trees. 

Treatment 

Check, untreated (CK) 

·ripped, distal 50% disbudded 
(T-08) 

Un tipped, distal 50% disbudded 
and defoliated (U'f-DB-DF) 

Tipped, distal 50% disbudded 
and defoliated ('l'-DB-DF) 

Pruned at mid-shoot (P) 

Pruned at mid-shoot, 
disbudded (P-DB) 

Root plus shank dry weight (g) 
Days after treatment 

14 28 42 56 

16.0a z 19.0ab 

17.8a 22.2a 

14.0a 17.lbc 

14.3a 16.3bc 

15.5a 14.lc 

16.Sa 18.6ab 

25.9a 

29.5a 

17.2c 

17.8c 

17.2c 

21. 7b 

31. Ob 

36.9a 

20.9c 

20.9c 

21.0c 

27.lb 

zMean separation within columns by Tukey's test {P < 0.05). 

Vl 
C.,1 
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for trees of treatments T-DB, UT-DB-DF, and P-DB. The root 

shoot ratio of trees in treatment P decreased from 14 

through 56 days after treatment and reached a minimum at day 

56 following treatment. 

At 14, 28, and 42 days after treatment, trees of treat-

ment P-DB had a greater ro?t : shoot ratio than all other 

treatments. At 14 days after treatment, trees of treatment 

P had a greater root : shoot ratio than that of treatments 

CK, UT-DB-DF, and T-DB-DF. Also at 14 days after treatment, 

the root : shoot ratio of T-DB was greater than that of CK. 

At day 56 following treatment, the root : shoot ratios of 

treatments T-DB and P-DB were similar and higher than that 

of all other treatments. The root : shoot ratios of trees 

in treatments CK, UT-DB-DF, T-DB-DF, and P were similar at 

56 days after treatment. 

Root nlus shank: shoot ratio 

The ratio of root plus shank : shoot at 2 days before 

treatment of representative trees averaged 0.81. 

Trees of treatments P and P-DB had the highest root 

plus shank : shoot ratio at day 14 (Table 21). At day 56 

after treatment, P-DB had the highest root plus shank 

shoot ratio whereas CK had the lowest root plus shank 

shoot ratio. 



Table 20. Effect of tipping, disbudding, defoliating, and pruning on root: 
shoot ratio of young, MMlll apple trees. 

Treatment 

Check, untreated (CK) 

Tipped, distal 50% disbudded 
(T-DB) 

Untipped, distal 50% disbudded 
and defoliated (UT-DB-DF) 

Tipped, distal 50% disbudded 
and defoliated (T-DB-DF) 

Pruned at mid-shoot (P) 

Pruned at mid-shoot, 
disbudded (P-DB) 

14 

0.18dy 

0.26bc 

0.2lcd 

0.24cd 

0.31b 

0.38a 

Root:shoot ratioZ 
Days after treatment 

28 42 

0.16d 

0.27b 

O.lBcd 

0.25bc 

0.18cd 

0.38a 

0.20bc 

0.27b 

0.2lbc 

0.2lbc 

0.18c 

0.46a 

56 

0.22b 

0.41a 

. 0. 26b 

0.23b 

0.15b 

0.51a 

2 Calculated as the ratio of root dry weight to the total stem and leaf dry 
weight of a tree. 

YMean separation within ·columns by Tukey's test (P < 0.05). 

Ul 
Ul 



T~ble 21. Effect of tipping, disbudding, defoliating, and pruning on root 
plus shank:shoot ratio of young, MMlll apple trees. 

Root elus shank:shoot ratioz 
Treatment Days after treatment 

14 28 42 56 

Check, untreated (CK) 0.56cy 0.47d 0.48c 0.50d 

'l'ipped, distal 50% disbudded 0.7lbc 0.73c 0.74bc 0.91b 
(T-DB) 

Untipped, distal 50% disbudded 0.87b 0.90bc 0.81b 0.91b 
and defoliated (U'l'-DB-DF) 

'l'ipped, distal 50% disbudded 0.94b 0.96b 0.79b 0.85bc 
and defoliated ('l'-DB-DF) 

Pruned at mid-shoot (P) 1. 31a 0.84bc 0.67bc 0.56cd 

Pruned at mid-shoot, 1. 50a 1.20a 1. 36a 1. 72a 
disbudded (P-DB) 

zCalculated as the ratio of root plus shank dry weights to the total stem and 
leaf dry weight of a tree. 

zMean separation within columns by Tukey's test (P < 0.05). 

VI 

°' 
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Number of axillary shoots 

Axillary shoots developed after treatment on trees of 

treatments CK, T-DB-DF, and P (Table 22). Treatment P had 

the greatest amount of axillary shoots at 14, 42, and 56 

days after treatment. 



Table 22. Effect of tipping, disbudding, defoliating, and pruning on lateral 
shoot number of young, MMlll apple trees. 

'l'rea tmen t 

Check, untreated (CK) 

Tipped, distal 50% disbudded 
(T-DB) 

Untipped, distal 50% disbudded 
and defoliated (UT-DB-OF) 

Tipped, distal 50% disbudded 
and defoliated (T-DB-DF) 

Pruned at mid-shoot (P) 

Pruned at mid-shoot, 
disbudded (P-DB) 

14 

1. 7bz 

O.Ob 

O.Ob 

O.Ob 

3.8a 

O.Ob 

Number of lateral shoots 
oars after treatment 

28 42 

2.0ab 

O.Ob 

O.Ob 

1.0b 

4.0a 

O.Ob 

4.8bc 

O.Oc 

O.Oc 

6.0b 

14.2a 

O.Oc 

zMean separation within columns by Tukey's test (P < 0.05). 

56 

O.Oc 

O.Oc 

O.Oc 

6.5b 

14.3a 

O.Oc 

lJ1 
co 



DISCUSSION 

Net Photosynthesis (Pn) 

It has been well established that the maximum Pn of an 

apple leaf occurs shortly after the leaf reaches full expan-

sion. Thereafter, the Pn of that leaf begins a gradual de-

cline ( 3, 5, 26, 44) . Leaves of trees from treatment CK 

followed this pattern with Pn rates being highest at the 

pretreatment date and gradually declining from 14 through 56 

days after treatment (Table 1). It has also been well docu-

mented that pruning delays the decline of Pn in apple (26, 

32, 44) and mulberry (39). The Pn of P and P-DB trees in 

this experiment exhibited this phenomenon as Pn was an aver-

age of 40% higher than that of CK at day 28 following treat-

ment. The Pn rates of P and P-DB eventually declined, how-

ever. This decline of Pn may be the result of the 

reestablishment of apical dominance by lateral shoots, the 

change of newly developed leaves from importer to exporter 

of assimilates, and the original leaf undergoing senescence 

(39). 

Removal of lateral buds ( treatment P-DB) delayed, for 

an even greater period of time, the decline in of Pn exhi-

bited by CK trees. Even at 56 days following treatment, the 

Pn of P-DB was 153% higher than CK and 89% higher than P. 

59 
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Satoh, et al. (39) noted a similar delay in pruned, disbud-

ded mulberry trees. Lateral shoot growth was effectively 

inhibited in trees of treatment UT-DB-DF (Table 22). Yet at 

42 and 56 days following treatment, the Pn of UT-DB-DF was 

63% and 149% greater, respectively, than that of treatment 

CK. 

That a delay in declining rates of Pn occurred in 

pruned apple trees in the absence of regrowth suggests that 

the demand for photosynthates created by lateral shoot 

growth does not directly control the altered patterns of Pn 

following pruning in apple. 

An increased root : shoot ratio following summer prun-

ing has been associated with higher levels of root-produced 

hormones in remaining leaf tissues and altered patterns of 

Pn in mulberry ( 39). Trees of treatment T-DB-DF involved 

partial defoliation, an increased root shoot ratio at 

treatment, and a delay in the decline of Pn rates when com-

pared to trees of the CK treatment. However, trees of 

treatment T-DB involved an unaltered root : shoot ratio at 

treatment, and exhibited rates of Pn similar to that of CK 

at all days following treatment. An increased root: shoot 

ratio seems to be one indirect cause for altered Pn patterns 

following pruning in potted apple trees. 



Transoiration (Tr) 

Satoh, et al. 
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(39) reported no difference in the Tr of 

summer pruned, summer pruned and disbudded, and unpruned 

mulberry trees. In this study, however, patterns of tran-

spiration were altered in trees of treatments P-DB and 

UT-DB-DF where either pruning or defoliation was employed 

and regrowth was prevented (Table 2). Marini and Barden (26) 

found Tr rates to be higher in summer pruned apple trees 

where NAA was applied to buds and effectively prevented re-

growth and Taylor ( 44) found higher Tr rates in basal and 

middle leaves of summer pruned, potted apples when compared 

to u·npruned trees. The reasons why summer pruning affects 

Tr in apple but not in mulberry are not clear. 

Meidner (29) noted increased Tr in mature barley leaves 

after applications of kinetin. Satoh, et al. ( 39) noted 

increased levels of foliar cytokinins in summer pruned mul-

berries. Taylor (44) proposed that altered levels of Tr in 

summer pruned apples may be due to increased amounts of fol-

iar cytokinins. In this study, Tr of trees which had an al-

tered root shoot ratio at treatment (T-DB-DF) was main-

tqined for a greater period of time than that of trees which 

had an unaltered root shoot ratio (T-DB) at treatment. 

This suggests that a modified root: shoot ratio is a major 

contributing factor for altered patterns of Tr in pruned or 

defoliated apple trees. 
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Specific Leaf Weight (SLW) 

Specific leaf weights tended to be higher in trees of 

treatments P-DB and UT-DB-DF where either pruning or defoli-

ation had been employed and regrowth had been prevented. 

Satoh, et al. (39) similarly found a greater SLW in summer 

pruned, disbudded mulberries despite a lower starch content 

in comparison to an unpruned control. Satoh, et al. (39) 

attributed a higher SLW in treated plants to a greater leaf 

thickness (i.e. greater depth of palisade tissue and spongy 

mesophyll). It is possible that greater leaf thickness con-

tributed to trends of higher SLW's in treatments P-DB and 

UT-DB-DF of this study, especially since these two treat-

ments had more chlorophyll per unit leaf area than that of 

the CK treatment. 

Taylor (44) found trends of lower SLW's in the basal 

leaves of apple trees after 75% shoot removal. Therefore, 

it is not surprising that the SLW of treatment P in this 

study had the lowest actual SLW at 42 and 56 days following 

treatment. 

Chloroohyll content 

Chlorophyll levels were obviously influenced by pruning 

or defoliation in this study (Table 4). The decline of to-

tal leaf chlorophyll in CK trees was indicative of early 
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senscence. Senescence as measured by total chlorophyll con-

tent was delayed in pruned or defoliated treatments. Total 

chlorophyll content of leaves in treatment P was initially 

greater than that of CK but subsequently declined similarly 

to the CK treatment. 

Leaf senescence was delayed in trees of treatments P-DB 

and UT-DB-DF where either pruning or defoliation was em-

ployed but regrowth was prevented. Total chlorophyll con-

tent of these treatments remained high throughout the exper-

iment and leaf senescence was delayed beyond that of 

treatment P. It would be interesting to perform an experi-

ment similar to this one but of longer duration and note the 

length of time chlorophyll levels could be maintained in 

treatments P-DB and UT-DB-DF. Satoh, et al. ( 39) noted no 

decline in the chlorophyll level of mulberry up to 40 days 

after pruning and disbudding. 

A comparison of total chlorophyll content in trees with 

an altered root: shoot ratio at treatment (T-DB-DF) against 

trees with an unaltered root shoot ratio at treatment 

(T-DB) shows differences. Trees of treatment T-DB-DF had 

consistently more total chlorophyll than that of T-DB. 

Patterns of decling chlorophyll content, as that of Pn, 

are delayed in summer pruned, potted apple trees. Delayed 

senescence of leaves on summer pruned trees and the subse-
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quent maintenance of chlorophyll content does not appear to 

be the consequence of a greater demand for photosynthates by 

developing lateral shoots. Instead, an altered root: shoot 

ratio at treatment and the implication of greater concentra-

tions of root-produced promoters in remaining leaves of sum-

mer pruned apple trees seems a better explanation. 

Pn per unit chlorophyll 

Treatment responses of Pn and total chlorophyll content 

were similar so that Pn per unit of chlorophyll showed no 

treatment differences at any dates (Table 5). Most simply, 

this suggests that the maintenance of higher Pn following 

defoliation or pruning in this study was due to a greater 

number of photosynthesizing units rather than more efficient 

individual photosynthesizing units. Satoh, et al. (39) 

made a similar conclusion with summer pruned mulberries even 

though they noted that summer pruned trees had greater 

"light harvesting" efficiencies based on steeper slopes of 

light response curves. 

Correlation of chlorophyll content and Pn 

Linear regression of chlorophyll content and Pn at 42 

and 56 days after treatment yielded r 2 values of O. 47 and 

0.55, respectively. 

of Pn based solely 

These r 2 values imply that predictions 

on measurements of total chlorophyll 



65 

would have been unwise due to large variability in the chlo-

rophyll parameter. Hesketh (19) used maize and castor bean 

to conclude that species vary ~reatly in rate of Pn and that 

this variation is not related to chlorophyll content. Bar-

den (4) also suggested that definitive correlations between 

Pn and chlorophyll content are varyable and difficult to es-

tablish. 

Dry weights 

Total tree dry weight 

Pruning or defoliation reduced total tree dry weight 

when compared to the untreated check (CK) from 14 through 56 

days after treatment in this study (Table 6). That is, the 

invigorated lateral shoot growth of pruned and defoliated 

trees after treatment never fully compensated for the loss 

of leaf and/or shoot growth at treatment during the course 

of this experiment. Taylor (44) found total dry weight ac-

cumulations in summer pruned apple trees decreased with in-

creased pruning severity. It would be easy to imply from 

these experiments with potted apple trees that summer prun-

ing is indeed a dwarfing process and therefore useful in 

controlling tree vigor and size in high-density orchards. 

However, as previously discussed (25), it is shoot extension 

which causes crowding in modern apple plantings. A decrease 
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in total tree dry weight does not necessarily indicate a de-

crease in shoot extension. 

Trees of treatments P-DB and UT-DB-DF had no lateral 

growth due to either disbudding or an intact shoot apex. In 

contrast, trees of treatment T-DB-DF were tipped and subse-

quent lateral growth occur~ed (Table 22). The total tree 

dry weights of these three treatments, however, were similar 

at 56 days after treatment. This suggests that the loss of 

leaf area, but not the loss of the shoot apex at pruning af-

fects the total amount of dry matter which accumulates in a 

summer pruned tree. 

Subseauent growth 

Pruning has been termed an invigorating process as it 

stimulates stem and leaf growth (10). This label seems in-

appropriate in light of subsequent growth data presented in 

this study. At 42 and 56 days after treatment, the dry 

weight of subsequent growth of trees in treatments CK and P 

were similar (Table 7). Dry weight of subsequent growth in 

the pruned treatment was similar to that of the unpruned 

check (CK). It is possible the amount of subsequent growth 

of trees in treatment P would surpass that of CK at a date 

beyond the extent of this experiment; dry weight of subse-

quent growth for treatment P increased 169% from day 42 to 

56 after treatment while the increase in dry weight of sub-
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sequent growth for treatment CK during this same period was 

only 128%. However, discussion of the subsequent growth 

data for days past 56 following treatment would be hypothet-

ical. 

Subsequent growth in treatment UT-DB-DF throughout the 

experiment was stem and sh~ot apex tissue since the treat-

ment involved no tipping and no lateral growth (Table 22). 

The actual dry weight of subsequent growth for treatment 

UT-DB-DF remained essentially the same from 28 through 56 

days after treatment. By day 42 after treatment, the shoot 

tip of all trees in treatment UT-DB-DF had died. It is not 

clear why this death occurred. However, it is possible that 

defoliation altered the transpirational pull of substrates 

from the basal portions of the tree to the shoot tip. In 

other words, the shoot tip was getting little or no assimi-

lates, and death occurred. The acropetal flow of assimi-

lates was evident in trees of treatment T-DB. In T-DB, en-

larged nodal areas were observed in the distal stem section 

where lateral shoots would normally develop. It is probable 

that a portion of these assimilates were transported from 

basal parts of the tree. These enlarged nodal areas also 

imply that parts of the apple tree other than shoot tips, 

leaves, and roots can be sinks for assimilate accumulation. 
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Basal stem 

Pruning or defoliation reduced the dry weight of basal 

stem sections at 56 days after ~reatment in this experiment. 

Taylor (44) also reported a decrease in dry weight of basal 

stem sections in summer pruned versus unpruned apple trees 

at 77 ·days after treatment. Maggs (23) noted that summer 

pruning decreased stem dry weight accumulation in the origi-

nal pruned stem and increased stem dry weight accumulation 

in subsequent growth so that total stem dry weight accumula-

tion of th~ two sections was the same for both summer pruned 

and unpruned trees. Hansen (15) reported that apple shoots 

invigorated by summer pruning retained 80% of the initially 

fixed carbon within that shoot section. As terminal growth 

slowed, acropetal leaves of these shoot portions began ex-

porting a greater percentage of photosynthate basipetally. 

This may have occurred in pruned trees of this experiment 

had their growth been extended to a later stage of develop-

ment. 

Leaves 

Leaves of trees in treatment P were greater in number 

but smaller in size than that of treatment CK (Tables 12 and 

14, re spec ti vely) which concurs with work by Maggs ( 23), 

Myers ( 32), and Taylor ( 44). Total leaf area at 56 days 

after treatment was less for pruned trees (treatment P) than 
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for unpruned trees (treatment CK) (Table 13). However, to-

tal leaf area of treatment P increased 248% from 14 to 56 

days after treatment while that of treatment CK increased 

only 35%. Myers ( 32) noted a greater total leaf area on 

summer pruned apple trees when compared to unpruned trees at 

60 days after pruning. And! Maggs (23) noted a tendency of 

summer pruned trees to catch up with the leaf area of un-

pruned trees. 

Trees of treatment T-DB-DF had more leaves (Table 12), 

more total leaf area (Table 13), and more lateral growth 

(Table 22) at 56 days after treatment than trees of treat-

ment UT-DB-DF. This implies that it is the removal of the 

shoot apex and apical dominance, and the development of la-

teral growth which allows for increased leaf surface in 

pruned apple trees. 

Roots 

Pruning or defoliation decreased the accumulation of 

root dry matter of apple trees in this experiment (Table 

17). These data are similar to that of Chandler (9), Hansen 

(16), Heinicke (18), Maggs (23), Marini and Barden (27), 

Myers 

noted 

( 32), Priestly ( 33), and Taylor ( 44). Hansen ( 15) 

that pruning or defoliation diverts photosynthates 

away from roots to more active areas of growth ("subsequent" 

sterns and leaves) . Once subsequent growth slows, Hansen 
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concluded, a greater percentage of assimilates begin to ac-

cumulate in root tissue. 

The effect of lateral shoot growth following pruning on 

patterns of root dry weight accumulation can be seen by exa-

mining the root dry weights of treatments CK, P, and P-DB. 

Root dry weights for trees of treatments CK and P-DB in-

creased with time after treatment. The root dry weight of 

treatment P, however, did not follow this trend. Instead, 

from days 14 to 28 after treatment, the actual root dry 

weight for treatment P decreased 16%. This decrease in root 

dry weight for treatment P can be attributed to the concur-

rent development of lateral shoots which were drawing upon 

root reserves for new shoot growth. Yoshimura (50) noted a 

decrease in root dry weight when he defoliated actively 

growing peach trees. In addition, Satoh, et al. ( 38) re-

ported the root and stump dry dry weight of summer pruned 

mulberry reached a minimum at 16 days after treatment. 

After day 28 following treatment in the present study, 

leaves of subsequent growth on trees of treatment P were, 

most likely, exporting rather than importing assimilates and 

thereafter root dry matter could accumulate. This follows 

from the fact that at 56 days after treatment, the root dry 

weights of treatments P and P-DB were similar. 
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Shank, root plus shank 

Patterns of dry weight accumulation for shank (Table 

18) and root plus shank (Tabl~ 19) portions in treatments 

CK, P, and P-DB were similar to patterns of root dry weight 

accumulation in respective treatments. That is, shank and 

root plus shank dry weights for trees of treatments CK and 

P-DB increased gradually from the pretreatment date to 56 

days after treatment. The shank and root plus shank dry 

weights of treatment P, howev~r, decreased from 14 to 28 

days after treatment. This data along with that of root dry 

weights indicates that the development of lateral shoot 

growth following pruning influences patterns of root and 

shank dry weight accumulations in young, potted apple trees. 



SUMMARY AND CONCLUSIONS 

Pruning involves the removal of the shoot apex and api-

cal dominance, the stimulation of lateral growth, and an in-

crease in the root: shoot ratio of the plant. Plants res-

pond with regrowth to reestablish a root shoot ratio 

similar to CK. Summer pruning delays the natural decline of 

net photosynthesis (Pn) and transpiration (Tr) in young pot-

ted apple trees when compared to that of an unpruned check. 

Two hypotheses have been proposed to explain these physiolo-

gical responses of summer pruned trees. First, summer prun-

ing stimulates the development of lateral growth which 

creates an increased demand for photosynthates. As a result 

of this increased demand for photosynthates, Pn and Tr are 

maintained (26). Second, summer pruning alters the root : 

shoot ratio of a tree thereby increasing the relative supply 

of root produced promoters present in remaining leaves. Pn 

and Tr are then directly and/or indirectly affected (49). 

In this study, pruning or defoliation altered patterns 

of Pn and Tr in potted apple trees. Additionally, patterns 

of chlorophyll content in apple were modified by pruning or 

defoliation. It appears from data in this investigation 

that lateral shoot growth following summer pruning is not a 

prerequisite for the altered physiological patterns associ-

72 
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ated with summer pruned apple trees. Instead, an increased 

root shoot ratio seems a more likely cause for altered 

patterns of Pn, Tr, and chloro~hyll content following prun-

ing in potted apple trees. Satoh, et al. ( 39) noted in-

creased amounts of foliar cytokinins accompanying higher Pn 

in summer pruned mulberry. 

Tipping, disbudding, defoliating, and/or pruning caused 

similar responses of both Pn and total chlorophyll content 

so that Pn per unit of chlorophyll was not a treatment res-

ponse. This suggests that the maintenance of higher Pn fol-

lowing defoliation or pruning in apple is due to a greater 

number of photosynthesizing units rather than more efficient 

individual photosynthesizing units. 

In this investigation, Pn and chlorophyll content were 

not linearly related following tipping, disbudding, defoli-

ating, and/or pruning of young, potted apple trees. 

Total tree dry weight was reduced by pruning or defoli-

ation when compared to an untreated check. That is, during 

the course of this experiment, the lateral shoot growth of 

pruned or defoliated trees after treatment did not compen-

sate for the loss of leaf and/or shoot growth at treatment. 

The loss of leaf area, but not the loss of the shoot apex at 

pruning, decreased the total amount of dry matter which ac-

cumulated in a summer pruned tree. 
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Pruning or defoliation reduced the final dry weight of 

the basal stem, roots, and shank in this study. Lateral 

shoot growth induced by pruning caused an initial decrease 

in the shank diameter and root and shank dry weights of 

young, potted apple trees. 

Future work with summer pruned apple trees should in-

clude the measurement of growth regulators present in foliar 

and root tissue. Such information is lacking in the litera-

ture. 
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