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Effects of Training Method, Ligth and Fruit Load on
Photosynthesis and Transpiration in Apple

Erdogan BARUT"

SUMMARY

In this study, the effects of training method (slender spindles, Y-
system), light (light, shade) and fruit load (1rees with or without fruits) on the
rates of photosynthesis and transpiration of leaves on long and short
shoots, flower formation and yield in apple cv. Cox's Orange were investigated.

As a result of the research, non-fruiting trees in 1994 gave more the rates
of photosynthesis and transpiration in 1995. And Y-systems and light
conditions were found more effective with respect to flower formation, yield,
rates of photosynthesis and transpiration in both fruiting and non-fruiting
trees than slender spindles and shade conditions.
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OZET
Elma'da Fotosentez ve Transpirasyon Uzerine Terbiye Metodu,
Isik ve Uriin Yiikiiniin Etkileri

Bu ¢aliymada "Cox's Orange” elma gegidinde wuzun ve kisa
siirgiinlerde bulunan yapraklardaki foicsentez ve transpirasyon oranlari,
gicek olugumu ve verim iizerine terbiye metodunun (Slender spindles, Y-
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sistem), 151gn (151k, golge) ve urin yiikiiniin (meyveli ve meyvesiz agaglar)
etkileri arastirdmigtir. :

Arasnrma sonucunda, 1994 yilinda iriin alimamayan agaglarda 1995
yilinda daha fazla fotosentez ve transpirasyon oranlar1 goritllmiistiir. Ayrica
hem  meyveli hem de meyvesiz agaclarda, Slender spindles ve golge
ortamlarima gore, Y-sistem ve 151k ortamlarinda ¢igek olugumu, verim ile
fotosentez ve transpirasyon oranlari agisindan daha etkili conuglar elde
edilmistir.

Anahtar Kelimeler: Elma, fotosentez, transpirasyon.

INTRODUCTION

A lot of exogenous and endogenous factors role on flower formation,
photosynthesis and transpiration in fruit species. Some of the these factors are
training method, light and fruit load in apple (Leopold and Kriedemann 1975,
Childers 1976, Monselise and Goldschmidt 1982).

The training method can influence the vegetative development, flower
bud formation, flowering, yield and hence Photosynthesis and transpiration
since it directly affects the number of branches and leaves irradiation and air
circulation {Teskey and Shoemaker 1978).

In apple orchards, solar radiation and particularly pohotosynthetically
active radiation (PAR) is a primary environmental factor limiting regularity of
flowering and cropping as well as fruit quality. The intensity of light within the
canopy is strongly decreased by matual shading of leaves (Palmer 1977,
Blanke and Notton 1992).

It has been suggested that fruit load influences photosynthetic rates of
apple leaves. This has been obtained mostly by determining photosynthetic rates
of single leaves, by translocational studies, or by methods of growh analysis.
Nearby it is a fact that the fruit load in apple tree is effective on the root and leaf
development of plant (Hansen 1970, Lenz 1978, Monselise and Lenz 1980, Lenz
1986, Sritharan and Lenz 1989, Buwalda and Lenz 1992, Wibbe et al. 1993).

In the following paper, the effects of training method, light and fruit load
are shown on the flower formation, the rates photosynthesis and transpiration of
leaves on short and long shoots.

MATERIAL AND METHODS

) The research_ was carried out at "The Institut fir Obstbau und
Gemisebau der Universitat Bonn (Germany)" in 1995. Three-year-old apple
(Malus domestica Borkh. cv. Cox's Orange) trees on M9 rootstock were used.
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The trees were irrigated by drip irrigation and the fertilization was achieved
through irrigation. The nutrient solution contained 4.5 mM Ca (NO;),. 4H20,
1.0 mM NH,NO;, 1.0 mM KH,PO,, 2.0 mM MgS0,. 7H20, 1.5 mM K;S0, and
Fe chelate.

The study was conducted on two training methods (Slender Spindles and
Y-system) under day light and shading (artificial shade fabric which admitted
only 42 % of full sky light). For each application fruting (+Fr) and non-fruting (-
Fr) trees in 1994 were used.

In May 1995 photosynthesis and transpiration rates per tree were
measured. Moreover the data of 1994 related to yield and total flower formation
per tree were utilized.

In the measurements related to photosynthesis and transpiration, the
leaves on long and short shoots of trees were used independently. For this
purpose, 5 leaves were sampled from short and long shoots each.

Photosynthesis and transpiration were measured outdoors between 10.00-
16.00 hr at three sunny days by prometry under natural solar irradiance. A
portable steady state porometer system type LCA 2 (The Analytical
Development Company, ADC, Hoddesdon, England) with attached data logger
type D11 was connected to an Epson HX 20 computer and data were processed
using a commercial on line photosynthesis programme type ADC 1200, A leaf
surface of 6.25 cm2 was enclosed in a 16 cm® volume cuvette, type PLC broad, to
measure leaf gas exchange. Boundary layer resistance was kept below 0.015
m°Smol-1 with the aid of a fan to prevent CO, gradients within the leaf cuvette.
All measurements were made by using the atmospheric air at a flow rate of 300
mimin-1 by the infra red gas analyser in the LCA-2 using differential
measurement, while temperature and light photon flux were simultancously
recorded with the PLC sensors, processed by computer, and data such as
transpiration ratc and photosynthetic rate were obtained. Mean air temperature
and relative humudity on the first sampling date May 22, 1995 was 24.2°C and
35.2 %, and second sampling date May 25, 1995 was 25.3°C and 38.2 %
third sampling date May 26, 1995 was 26.6°C and 40.2 %, respectively.

RESULTS

Flower Formation

Number of flowers per tree related to fruiting and non fruiting trees in
1994 are given in Table 1.

As can be seen in Table 1, the flower formation in both training methods
was more in light conditions compared with shade in general. When the training
methods are compared, it is possible to see that Y system produced more flowers
than siender spindles. Also in the observations of 1995, more flowers were
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determined on the trees trained Y-system and in light conditions. ;t was ?bserved
that the non fruiting trees in 1994 produced to many flowers in 1995 (-Fr) as
a result of alternate bearing.

Table: 1
The Effects of Training Method, Light and Fruit Load on The Average
of the Flower Number Per Tree in 1994

Light Shade
Treatment o i Fr T
Slender Spindles 1.7 2049.0 0.3 414.0
Y - System 127.5 2832.0 21.7 598.5

- Fr : without fruit in 1994
+Fr : with fruit in 1994

The relation between yield per tree in 1994 and different training
methods, light conditions are given Table 2.

Table: 2
The Effects of Training Method and Light on the Avarage of
Yield (kg) Per Tree in 1994

Treatment Light Shade
Slender Spindles 10.2 4.7
Y - System 236 8.5

The highest yield was recorded for Y-shaped trees in both light and shade
conditions when compared with slender spindles. The lowest yield per tree was
observed from slender spindles in shade.

Photosynthesis

As demonst.rated in Table 3 photosynthetic rates of 1995 were higher in
leaves of plant having non fruit (-Fr) in the previous year (1994) as compared to
those in plant having fruit load (+Fr) in 1994.

. _It is noticeable that photosynthetic rate was higher in the trees under light
conditions than those under shade. Furthermore, it is observed that the leaves on

short shoots produced more assimilates than ones on long shoots except the Y
systems (-Fr) under light conditions,

-
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Tablo: 3
The Effects of Training Method, Light and Fruit Load on Photosynthetic
Rates of Leaves in Short and Long Shoots in 1995

Photosynthesis (umol CO, m-2 s-1)

Treatment Light Shade
-Fr +Fr -Fr +Fr
) L1021 4.10 1227 3.51

S 3

lender Spindles $16.20 420 15.40 4.10
L18.10 5.18 12.10 2.20
Y-System S 17.41 7.40 14.40 3.40

- Fr: without fruit in 1994
+ Fr: with fruit in 1994

Transpiration

The transpiration rate of the leaves on long and short shoots in 1995 are
given in Table 4.

Table: 4
The Effects of Training Method, Light and Fruit Load on Transpiration
Rate of Leaves on Short and Long Shoots in 1995

Transpiration (mMol H20 m-2 s-1)
Treatment Light Shade
-Fr +Fr -Fr +Fr
. Le6.11 5.40 5.11 4.10
Slender Spindles $612 532 541 417
L 811 6.14 6.46 520
Y-System S7.12 6.12 6.83 5.84

- Fr: without fruit in 1994
+ Fr: with fruit in 1994

The transpiration rate was found higher in non-fruiting (-Fr) trees than the
fruiting ones (+Fr). The transpiration rates of leaves on long or short shoots were
similar to each other either in Slender Spindles or in Y-system.

DISCUSSION

With this rtesearch it was indicated that there was a close relation
between the factors of fruit load, training method, light and the rates of
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photosynthesis and transpiration in apple cv. Cox Oral}gfa. As a matter of fact
many researchers mentioned about the effects of training methods (Teskey
and Shoemaker 1978), light (Palmer 1977, Blanke and Notton 1992) agd fruit
load (Hansen 1970, Lenz 1978, Monselise and Lenz 1980, Lenz 1986, Sritharan
and Lenz 1989, Buwalda and Lenz 1992, Wibbe et al. 1993) on this subject.

In this study it was observed that the trees produced few flowers and
fruit in the previous year (1994) gave a photosynthetic rate tree-fold higher in
1995. This situation was probably orginated from the fact that the plant in
(+Fr) of 1995 period produced more carbohydrates in order to form more
flower and fruits. The increased photosynthesis in the trees (+Fr) of 1995,
hastened the water vapour exchange from leaves, i.e, the transpiration.

In general the higher yields in Y system compared with slender spindles
(both in -Fr and +Fr periods) and the higher rate of photosynthesis orginates
from the more number of leaves, and more utilization from light in this system.
Therefore, it will be beneficialy to use traning systems which will produce more
leaf area and that will provide more subjection to light. In this situation, the
flower formation and number of fruits will increase, especially due to the
increase in leaf area and induction of photosynthesis rate.
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