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Influence of different typesof pruning on cherry tomato fruit production and quality

José L. Franco, Manuel Diaz, Fernando Dianez and Francisco Camacho’
“Plant Yield in Mediterranean Crop Systems’ Research group, University of Almeria, Spain. * e-mail: fcamacho@ual.es

Received 15 July 2009, accepted 7 October 2009.

Abgract

Theaim of this study was to determine the most efficient pruning system with cherry tomato to achieve the highest level of production without loss
of quality and, thus, to provide growers with an efficient management system. The study was done at the University of Almeria Anecoop

Experimental Farm Foundation, Almeria, Spain (36°51' 78" N; 2°17’ 08" W). Two pruning systems, TO with amain stem and a secondary stem (2S) and
T1 with amain stem and a secondary stem plus four lateral branches with two racemes each (2S + 4B), were compared using the cherry tomato
cultivar Sdlomée. System T1 resulted inasignificantly larger quantity of fruit and agreater output in terms of weight per unit surface area. Therewas
no significant difference in the quality parameters measured. Two elevated phases of production, harvesting in the greenhouses and in the summer,

were obtained during the crop cyclefor system T1, coinciding with harvesting from the additional branches (4B).
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Introduction
In Spain, production of the cherry tomato (Lycopersicon
esculentumvar. cerasiformeHort. cv. Salomée) in greenhousesis
very labour-intensive. The fruit of this solanaceous crop is of
high commercia valueworldwide®. Thechoiceof asuitable pruning
system is an important factor for achieving a profitable balance
between labour costs and crop yield without loss of quality.

Pruning consists of leaving a chosen number of stemsto form
theaxisor axesof the plant. Pruning to leave 1 or 2 stems (shoots)
is frequent practice for L. esculentum, and pruning to leave a
singlestemisnormal when larger fruit aredesired. If aplant dies,
a second stem is often allowed to grow on an adjacent plant.
Choosing the type of pruning must take into account the
characteristics of the cultivar being grown *. Researchers? studied
the growth and fruit yield of cherry tomato and analysed the
effects of plant spacing and the number of stems per plant. They
obtained the best resultswith 0.6 m between plants, 0.9 m between
rowsand pruning to two stems per plant. Thetype of pruning, the
number of stems per plant and planting density together affect
therelationship between the number of fruits per surface unit and
the number of fruits per plant; however, these do not affect biomass
production or the distribution between thefruit and the vegetative
parts of the plant, although they can affect fruit size and quality
(split fruit and soluble solids), whichisof concernfor commercial
production®.

Cherry tomato crops in Southern Spain are aways pruned to
two stems, and we used this system as the control group in this
study. For along time, producers and technicians have managed
tomato crops through pruning techniques, without considering
the genetic potential of each variety. Pruning on a single stem
(branch) eliminates|ateral buds, and fruit isharvested asit ripens.
Thisleadsto the use of alarger number of plants per surface unit,
which entails greater expenditure on seed and seedbeds.

Nevertheless, inthetwo-stem or “fork” type of pruning, all buds
are eliminated except the one that emerges underneath the first
raceme, which isleft asthe second main stem. “Hardy pruning”
consists of allowing one of the auxiliary shootsto grow (starting
fromthe 2™ or 3| eaf after thefirst inflorescence) so that two main
stems or shoots are available (the main stem and the auxiliary
shoot) 1°.

It has been reported ! that the influence of a chosen type of
pruning on tomato productivity is connected to planting density
and the variety, concluding that controlling the number of shoots
or main stems per square metre should be considered. In another
experiment carried out in Almeria, where 2 typesof pruning (1 or 2
branches) and planting densities (1 and 2 plants/m?) were tested.
The greatest yield was obtained by pruning to 2 stems and with
2plantsm? 7.

The effect of de-leafing as the fruit ripened has been studied
and stem vigour and diameter were significantly inferior when de-
leafing wasdone every 21 days compared to every 7 days, witha
decreasein vegetative growth and leaf area®. Extensiveresearch
on the productive response of the cultivar Blazer has been
conducted, with various planting frameworks and pruning
systems, and it was concluded that the production of a bud can
have an indirect detrimental effect onfruit size®.

Theresults presented hererefer to aparticular operation: pruning
and production on 2 stems, pluslateral branches. This operation
consists of pruning aplant to leave 2 leading shoots and 4 | ateral
branchesto bear fruit. The objective of thisstudy wasto determine
whether thistype of pruning can lead to anincreaseinyield while
maintai ning the quality of fruit.

There are few studies of commercial pruning systems in the
literature. The current choice of pruning method for commercial
crops is influenced by the genotypic and phenotypic
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characteristics of the cultivar, and islimited by plant vigour and
planting density 5. This study used a cultivar of undetermined
growth and with excellent vigour. The experimentswere donein
the productive seasons 2004—2005 (experiment one) and
20052006 (experiment two).

Materialsand Methods

Environmental parameters. Both experimentswith L. esculentum
var. cerasiforme (Hort.) cv. Sdoméeweredoneina5-tunnel plastic
house; each tunnel was8 mwideand 45 mlong, providing 1800 m?
of greenhouse surface area. The arch of each tunnel reached a
height of 5.7 m and a height of 4.5 m at the water spout, with a
height of 4 m at theentrainment trellis. The coveringwas 3 layers
of 200 um thick thermal polyethylene, with passive zenith
ventilation. Planting wasin double rows positioned NE-SW, with
0.6 m between rows and 0.75 m between plants, with 1.06 mwide
alleys between each pair of rows, giving a density of
1.6 plants/m2. The soil was sand-covered (typical of the region)
and the climatic conditions are summarized in Table 1. Nutrition
was provided through fertirrigation according to guidelinesfrom
acommercia enterprise.

Treatments and experimental design: Thetrials used arandom
block experimental design with 2 treatments and 4 repetitions,
according to thefollowing linear statistical model:

Yi=Htra,+p,+¢g;Vi=12.and j=1.2.3 and4.
y; = the variable response associated with the ij" experimental
unit;

u = theglobal average;

a, = the effect associated with the i™" treatment eval uated;

B; = the effect associated with the ™ block;

&; = the effect of the experimental error on that associated with
thei'™ experimental unit.

Pruning the control group (TO) consisted of leaving the main
stem and the stem arising from the node under the second
inflorescence, which becomesthe second stem, producing a plant
withtwo stemsor axes(2S) (Fig. 1). Lateral budsthat appearedin
theleaf axillawereremoved periodically.

Plants in the T1 group also had 2 stems, leaving the bud
undernesth the second inflorescence of the 2 stems in autumn.
When these lateral shoots had 2 well-shaped inflorescences, the
apical bud wasremoved, and the shootswerefastened with plastic
clipsto the 2 main stems (which were entrained with raffia). The
operation was repeated in spring, so that 4 new racemes were
obtained per stem for winter and summer (2S + 4B), giving 8
additional racemes per plant as compared to the control group

(Fig. ).

Table 1. Climatic conditions during cropping.
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Figurel. Treatmentswereasfollows: TO, 2 stems(main and secondary)
(2S) and T1 2 stems (main and secondary) plus4 |ateral brancheswith
2racemes (2S+4B).

Experiment 1: seedbeds were planted on 20 July 2004 and
transplanting was done on 26 Aug. 2004. The crop season was
from thisdate until 29 June 2005, the date of the last harvest.

Experiment 2: seedbeds were planted on 15 July 2005 and
transplanting was done on 23 Aug. 2005. The crop season was
from thisdate until 4 July 2006, the date of the last harvest.

The greenhouse was divided into 4 blocks; random treatments
were applied in each block, for atotal of the above-mentioned 4
repetitions per treatment to obtain 8 experimental units. Each
repetitionincluded apair of rows. Ineach repetition, 8 plantswere
chosen at random and marked for analysis.

Measurement of yield parameters: Harvesting was done every 7
daysand yield was measured in both experiments astotal weight
and the number of fruits per harvest for the 8 marked plants. A
sample of 25 fruits was taken at random per repetition, and the
diameter and weight were measured for 100 fruits per treatment
and for 200 fruits per experiment and harvest day.

Total yield was measured from all the plants per repetition (2
rows). The number of fruits per surface unit (m?) and averagefruit
weight (AFW) from the marked plantswere measured.

The quality of the fruit gathered from the eight marked plants
wasevauated. Datawere collected at aternate pickings. A random
sampleof 25 fruitswastaken per repetition, and the diameter, °Brix
and pH were measured. We used an MR32ATC Milwaukee
refractometer (measures from 0 to 32% with asensitivity of 0.2)
and aWTW 340i pH meter (with asensitivity of 0.01).

Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June
Average temp.? (°C)
Experiment 1 30.1 25.7 22.3 15.7 14.3 124 13.3 16.6 18.2 21.0 24.8
Experiment 2 28.7 26.2 20.9 15.0 13.1 124 14.1 16.8 18.9 21.6 25.2
Average RH® (%)
Experiment 1 71.8 68.4 72.3 74.4 77.4 68.9 70.1 70.8 70.1 66.7 63.8

Experiment 2 59.6 57.8 77.8 78.5 80.9 81.4

74.6 67.4 73.1 69.9 67.5

aTemperatures were taken inside the greenhouse. ® Relative humidity (RH) was measured inside the greenhouse.
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Satistical analysis. All data were subjected to an analysis of

variance (ANOVA) and means separation through Fisher’s least
significant difference (LSD) procedure (Satistical significancewas
set at P<0.05) accordingtothe y, = u +a, + 5, + &, model, using
the STATGRAPHICS Plus4.0 statistical packagefor Windows.

Results

Effect on production of the type of pruning: Harvesting began
76 days after transplanting in Experiment 1 and at 77 days after
transplanting in Experiment 2. No difference was observed in the
duration of the vegetative stage; however, greater precocity was
seenin Experiment 2, chiefly inthematurity of T1 lateral branches,
which were harvested at the end of December, while the harvest
for Experiment 1 wasat the beginning of January.

Yield from the T1 group in Experiment 1 was 10.7% higher
compared to the TO control group. Statistically significant
differences were observed between both treatments. Similarly, a
difference of 13.35% wasobservedinthe T1 group for Experiment
2 compared to the TO control (Table 2). Therefore, the addition of
the lateral branches was responsible, at least in part, for the
increased yield (Fig. 2). Increases of 1.29 and 1.73 kg/m? were
obtained for the T1 group in both experiments, whichisequivalent
t00.81 kg/plant in Experiment 1 and 1.08 kg/plant in Experiment 2.

Therewere significant differencesamong the average val ues of
harvestsin Experiment 1 (Table 2). Therewasan increasefor the
T1 group between Harvest 9 (134 daysafter transplanting (d.a.t.))
and Harvest 10 (144 d.at.) that coincided with harvesting from the
first pair of lateral branches. There were increases also between
Harvests 25 (250 d.at.), 26 (257 d.at.) and 27 (263 d.at.) that
coincided with harvesting from the second pair of lateral branches
(Fg.3a).

In Experiment 2 therewere significant differencesamong harvest
averages. There were increases for T1 between Harvests 7 (128
d.at.) and 8 (135d.at.), coinciding with harvesting from thefirst
pair of lateral branches. There was a second increase between
Harvests 23 (266 d.at.) and 24 (273 d.at.), coinciding with
harvesting from the second pair of lateral branches (Fig. 3b).

The number of commercia fruits from both experiments was
significantly different for the T1 group compared to the TO control,
withanincreaseof 15.78% (Table2). Smilarly, therewasanincrease

Table 2. Effect of pruning on production components.

@
14 -
-
— 12’
£
S 104
=
c 84
9
g 64
=
8 4
a
2
or——
7% 90 105 119 134 151 172 183 202 215 229 242 250 263 277 292 307
Days after transplanting
16 ®
14
£ 2
D
< 10
c
o 8
g
g 67
o
& 4
24
0

77 0D 106 128 153 174 189 210 224 238 252 266 280 294 308
Days after transplanting
Figure 2. Effect of pruning to 2S (TO, A) and 2S+ 4B = (T1, H) on

fruit production (kg/m?) by cherry tomato cultivar Salomée cropsin
(a) Experiment 1 and (b) Experiment 2 in the greenhouse.

of 16.39% in Experiment 2. Thistrend was observed also in the
harvest average (Fig. 4). Lastly, theseincreases produced 180.01
and 236.64 fruits'/m? more for the T1 group compared to the TO
control group in both seasons.

Effect on quality of the type of pruning: The AFW values for
Experiments 1 and 2 were not significantly different betweenthe
T1group and the TO controls(Table 3). The AFW (in both groups)
higher in early pickings, decreased in the intermediate pickings
andincreased inlater pickings (Fig. 5).

Production components

Treatment Commereial producton Average production per No. commercial fruits m
Experiment 1 Experiment 2 Experiment 1 Experiment 2 Experiment 1  Experiment 2
To 12.01 b 12.96 b 0.36b 0.43b 1141.03 b 1444.04 b
T1 1330 a 14.69 a 0.40 a 0.49a 1321.04 a 1680.68 a
ANOVA ok * s * * *

The probabilities are shown as *P < 0.05, **P < 0.01, ***P < 0.001 and not significant (ns). Numbers followed by different |etters denote statistical significance according

to Fisher's L SD test (P <0.05).

Table 3. Effect of pruning on averagefruit weight (AFW) and fruit diameter.

Quality components

Treatment AFW Diameter (mm)
Experiment 1 ~ Experiment 2 | Experiment | Experiment 2

To 1041 a 9.14a 27.10a 26.76 a

T1 10.01 a 9.05a 26.75 a 26.53 a

ANOVA ns ns ns

n
The probabilities are shown as *P < 0.05, **P < 0.01, ***P < 0.001 and not significant (ns). Numbers followed by a

different letter denote statistical significance according to Fisher's LSD test (P <0.05).
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77 9 106 128 153 174 189 210 204 238 252 266 280 204 38 Figure 4. Effect of pruning to 2S (TO, A) and 2S + 4B (T1, H) on
changes of fruit production (number of fruits'm?) in cherry tomato

cultivar Salomée in (a) Experiment 1 and (b) Experiment 2 in the
Figure 3. Effect of pruning to 2S (TO, A ) and 2S + 4B (T1, H) on greenhouse.

changes of fruit production (kg/m?) in the productive cycle of cherry
tomato cultivar Saloméein (a) Experiment 1 and (b) Experiment 2 inthe
greenhouse.

Fruit diameter (in both groups) was directly proportional to
AFW (Table 3). Therewere decreases during harvesting from the
lateral branchesinHarvests9 (134 d.at.) and 10 (144 d.at.) for the
first experiment, and Harvests 7 (128 d.at.) and 8 (135 d.a.t.) for
the second experiment, maintaining this trend at the end of

(g/fruit)
o~wm ©oBER
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cropping (Fig. 6).
The average soluble solids content (°Brix) for Experiment 1 was
highly significantly different for the T1 group compared to the TO

76 90 105 119 134 151 172 188 202 215 229 242 250 263 277 292 307
Days after transplanting

controls, with smaller, more stable fluctuations. There was no o ®
differencein Experiment 2, although agreater variationin values 13 |
was observed (Table 4). Pruning of the T1 group increased fruit & 12 4
sugar content, whichwasreflected asanincreaseinsolublesolids 2 % 1
when harvesting fruits from the lateral branches (Fig. 7). There 2 9|
wasno significant differencein pH valuesbetweenthe TOand T1 8 -
groupswithin each experiment (Table4, Fig. 8). g .
. . 77 W 106 128 153 174 189 210 224 288 252 266 280 294 308
Discussion ,
The effect of pruning on yield was 10.7% increase for the T1 Days after transplanting
group compared to the control for thefirst experiment, anda13.35% Figure 5. Effect of pruning to 2S (TO, A) and 25+ 4B (T1, W)
increase for the second experiment, due to the larger number of on changes of AFW (g/fruit) in cherry tomato cultivar Salomée
racemes per plant. This result demonstrated that the increased in (a) Experiment 1 and (b) Experiment 2 in the greenhouse.

Table4. Effect of pruning on tomato quality components.

Quality components

Treatment °Brix pH

Experiment 1  Experiment 2 | Experiment I  Experiment 2
TO 8.80b 9.02a 4.06 a 431a
T1 8.89a 9.07 a 4.06a 433a
ANOVA *x ns ns ns

The probabilities are shown as*P < 0.05, **P < 0.01, *** P < 0.001 and not significant (ns). Number of values followed
by a different letter denote statistical significance according to Fisher's LSD test (P <0.05).
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Figure 6. Effect of pruning to 2S (TO, A) and 2S5+ 4B (T1, H)
on changes of fruit diameter (mm) for cherry tomato cultivar
Saloméein (a) Experiment 1 and (b) Experiment 2 in thegreenhouse.
production associated with the T1 type of pruning was the
consequence of the presence of additional |ateral clusterswithout
19 - @ reduction of theflowering or fructification potential in other plant
clusters. There was a noticeable increase within the productive
11 cycle, mainly in winter and summer when production usually
. 10 diminishesas a consequence of adverse environmental conditions.
= The number of fruitswasincreased in the T1 group. However,
° 99 AFW was somewhat lower, which is explained by the greater
8 quantity of fruit, and the larger expenditure of resources plus
reduced products of photo-assimilation. The pattern of production
7 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ' during thewhole cyclewas similar for both experiments (Fig. 3).
8 90 144 179 195 215 229 250 263 277 307 Regarding fruit quality, adirectly proportional relationship was
Days after transplanting observed between AFW and fruit diameter, which decreased in
© - ® winter, probably due to lower temperatures and alower source-
drain relationship. The soluble solids content was increased in
11 4 the T1 group; throughout harvesting the sugar content of fruit
10 from these plants was almost always higher compared to the TO
= control, with greater differences observed during harvesting of
& o the additional racemes produced by pruning.
81 Conclusions
7 The T1 pruning system resulted in significant increases of the

83 93 119 140 163 182 203 217 245 259 273 287 301  humber and weight of total and commercial fruit per surface unit

compared to the TO control group. Theincreased production was

directly proportional to the number of racemes formed by the

Figure 7. Effect of pruning to 2S(TO, A) and2S+4B (T1, M),  plant. Increases in the production curve were obtained in T1in

on°Brixin (?herry tomat_o cultivar Saloméeer_Jit growninthe winter and in summer, which coincided with harvesting the

greenhousein (2) Experiment 1 and (b) Experiment 2. additional racemes. Thisis advantageous for the growers, since
production isnormally decreased at thistime of year. Increasing
thenumber of stems per plant inthecherry tomato cultivar Sdlomée
does not affect the soluble solids content of the fruit.

Days after transplanting
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