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Abstract: The gradual increase demand for water resources, the interest for
growing techniques provides irrigation water saving in agricultural production and
have no undesired impacts on yield, crop quality, growth and development. This
study determined the effects of different mulch materials (black textile, rose oil
processing wastes, wheat straw, and no mulch) and irrigation programs on growth
of in an orchard for Fuji apple variety grafted on MM106 rootstock on irrigation
water, water consumption, shoot number, shoot diameter, shoot length, leaf area
index and trunk cross-sectional area. The highest vegetative development was
obtained at mulch treatments and frequently irrigated 1% irrigation program. 1%
irrigation program was determined as recommended irrigation when the available
water resources are sufficient and also 2" irrigation program together with mulch
materials when available water resources are scarce. Each mulch treatment saved
water compared to control as 22.0-31.3%, 21.2-28.7% and 17.8-23.5% in 2009,
2010 and 2011, respectively. Black textile was determined the most suitable mulch
material for young apple trees according to results of water saving and vegetative
development. Rose oil processing wastes and straw also can be used as mulch
materials.
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Oz: Su kaynaklar1 igin talep giderek artmaktadir ve tarimsal iiretimde sulama suyu
tasarrufu saglayan ve verim, liriin kalitesi, biiylime ve gelisme {izerinde olumsuz
etkileri olmayan yetistirme tekniklerine olan ilgi de artmaktadir. Bu ¢alisma,
MM106 anaghi Fuji elma ¢esidinde farkli malg uygulamalar: (siyah taban ortiisi,
giil posasi isleme atigi, bugday samani ve malgsiz konu-kontrol) ve sulama
programlarinin sulama suyu, evapotranspirasyon, siirglin capi, siirglin sayisi,
stirglin uzunlugu, yaprak alan indeksi ve govde kesit alani iizerinde etkilerinin
belirlenmesi amaciyla yapilmistir. Her bir mal¢ uygulamasi i¢in ii¢ farkli sulama
programi (sulamaya etkili kok derinligi bolgesindeki elverigli suyun %20, 40 ve
60’1 tiiketildiginde baslama) en uygun sulama programini belirlemek igin
denenmistir. En yiiksek vejetatif gelisim mal¢ uygulamalarinda ve sik sulama
yapilan 1. sulama programlarinda elde edilmistir. Tavsiye edilen sulama programi
su kaynaklarinin elverigli ve yeterli oldugu bdlgelerde 1. sulama programudir.
Elverigli su kaynaklar1 miktarinin yetersiz oldugu zamanlarda ise malg
uygulamalariyla birlikte 2. sulama programi da uygulanabilir. Malg
uygulamalarindan elde edilen su tasarrufu miktar1 control konusuna gore 2009,
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2010 ve 2011 yillarinda sirastyla 22.0-31.3%, 21.2-28.7% and 17.8-23.5% arasinda
degismistir. Su tasarrufu ve vejetatif gelisim sonuglarina gére geng elma agaglari
icin siyah taban ortiisi en uygun mal¢ materyali olarak belirlenmistir. Giil posast
isleme atiklar1 ve bugday samani da malg materyali olarak kullanilabilir.

1. Introduction

As the using of water in other fields (industrial production, domestic use, etc.) has been
increasing over the time, the available water amounts for agricultural production have been decreasing
(Onder et. al., 2005). So to increase water-use efficiency is mandatory (Naor et. al., 2008). That’s why,
available water resources must be used more carefully. The importance of studies for more efficient use
of available water resources is increasing. The studies on the applications which ensure water saving
and do not have the negative effects on vegetative development, yield and crop quality are going on all
over the world. Mulch using is one of these applications. It provides water saving and has positive effect
on plant growth development besides preventing weed growth in apple orchards (Neilsen, et al., 2003;
Hogue et. al., 2005).

Amount of irrigation water and irrigation time of plants must be determined accurately to get
full efficiency from irrigation (Barragan and Wu, 2001). Haphazard irrigations obstruct plants from
obtaining irrigation efficiency which results in un- desired consequences such as salinity-sodium, high
cost and low yields. Apple production quantity of Turkey is estimated as 4.0 % of the world’s total apple
production and apples are one of the most important fruits produced (FAO, 2019). Isparta is at first rank
on apple production nearly 20.4% of the country’s total (3.618.752 tons) (TUIK, 2019). There are some
problems on apple growing (irrigation scheduling, weed control etc.) (Klglkyumuk and Ay, 2010).

This study was aimed to determine the effects of different mulch materials namely black textile,
straw (wheat straw) and rose oil processing wastes on water saving, evapotranspiration and vegetative
development of Fuji apple variety (grafted onto MM106 rootstock. Also, three different irrigation
programs have been used for each different mulch materials and the most suitable irrigation program
was determined for Fuji variety grafted on MM106 rootstock.

2. Materials and Methods
2.1. Study area and plant material

This experiment was conducted for the three consecutive years (2009- 2011) at Fruit Research
Institute (37°49'17.97"N and 30°52'22.44"E), Egirdir-Isparta, Turkey. The experimental area has a
transition climate between Mediterranean and Central Anatolia. The soil of experimental area was
loamy, contained low salt content, pH 8.15 and low soil organic matter content. Table 1 shows the
physical properties of the experimental soil. According to US Salinity Laboratory Graphical System, the
salinity level of the irrigation water, which are in 250- 750 ECx10° is included in category C», and S; in
terms of SAR value (USSL, 1954). Irrigation water was classified as C,S; suitable for irrigation of the
experimental plots. Apple trees were planted in March 2009 at 4 m x 3 m of distance and Fuji variety
(grafted onto MM 106 rootstock) was used in this experiment.

Table 1. Soil characteristics of the experimental area

Depth (cm) FC (%) WP (%) y (g cm™®) FC (mm) WP (mm) AWHC (mm)
0-30 23.80 10.90 1.52 108.53 49.70 58.83
30-60 21.32 10.25 1.48 94.66 45.51 49.15
60-90 22.60 10.55 1.53 103.73 48.42 55.31

90-120 23.50 10.70 1.57 110.69 50.40 60.29
0-90 cm (effective root zone) 163.29

FC: field capacity, WP: wilting point, y: unit weight of soil, AWHC: avaliable water holding capacity
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2.2. Study treatments

The study was conducted considering consisted of four mulch treatments (including control) and
three different irrigation programs for each mulch treatments. Mulch treatments: no mulch, Control (C);
black textile-polypropylene woven cloth (100 g m) (B); straw-wheat straw (S) and rose oil processing
wastes (R)- the rose waste obtained from the wastes of the rose oil processing factories in Isparta
province of Turkey were used after sun-dried. Each mulch treatment had three different irrigation
programs (1%, 2" and 3 irrigation programs) 1%, 2" and 3™ irrigation programs treatments include
irrigation of the field with water holding capacity of 20, 40 and 60% was used at 0-90 cm depth of the
soil.

In the study, drip irrigation system was used. Two lateral pipes were used for each tree row. The
emitters (having 4 | h? flow rate) spacing were 0.75 m on each lateral sides. Digital tensiometers
(Soilspec digital tensiometer, JGK TECH, Australia) were used for measuring soil water (placed at 30,
60, 90 and 120 cm depth). Before first irrigation, calibration of tensiometers was made to determine the
soil water which corresponds. Programmed irrigation applications were initiated after the available
moisture at 0-90 cm soil depth was reached to field capacity at the end of the full bloom period each
year.

(ET) was determined according to soil water balance method (Eq. (1)) (James, 1988) for each
irrigation treatment.

ET=1+R+C,—Dp—Ri£s 1)

In Equation (1); ET, evapotranspiration (mm); I, irrigation water amounts (mm); C,, capillary rise
(mm); R, rainfall (mm); Ry, surface run-off (mm); D,, water leakage by deep percolation (mm); As,
change in profile soil water content (mm). C, and R were considered as zero, since there were not any
ground water problems in the area and emitter discharge rate was selected in accordance with infiltration
rate. Deep percolation was calculated after each precipitation during irrigation season. Precipitation was
measured with a pluviometer after every rainy day. For determining the irrigation water amounts, The
Equation (2) was used (Kanber, 2002).

| =(PWec—PW)xDxyxP 2
100

In the Equation 2, I; the amount of applied irrigation water (mm), Pwec; field capacity (%), Pw;
water level at effective rootzone before irrigation (%), D; wetting depth (mm), v; unit weight of soil (g
cm ) and P; wetting percentage (%). We determined P as 38.0% (0.38) end of the calculating according
to Yildirim (2005).

The plots were irrigated until they reached field capacity for each irrigation. After the nurseries
were planted in March 2009, weeds in the study area were hoed on 15 May, and drip irrigation system
was laid. After placing tensiometers, mulch materials were laid on both sides of the trees with 0.70 m
width, and in total 1.40 m width. The thickness of straw and rose oil processing wastes was 0.20 m.

2.3. Measurement of vegetative growth

Beginning from the planting year, shoot numbers, shoot diameter (mm) and shoot length (cm)
of single-year shoots for all trees were measured in during dormancy period in February. Digital calipper
was used for measuring shoot diameter.
2.4. Leaf area index (m?/m?)

Totally 250 leaves were picked from the one year old shoots of all trees for each plot to
determine leaf area index at the end of September during study. The digital planimeter (Koizumi KP-90

N) was used to measure leaf area. We calculated “leaf area index” by using Equation 3 (Unlii, 2000).

Total leaf area (for each tree) = Leaf area (m?) x total leaf numbers (for each tree)
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Leaf area index (m?/m?) = Total leaf area (m?) (for each tree) (3)
Unit area for each tree (m?) (4 m x 3 m)

2.5. Trunk cross-section area (cm?)

In the first year, after the planting and in the following years, every year during dormancy period,
the trunk diameters of all trees were measured on two different directions (east-west and north-south) at
15 cm above the graft point of all trees, and trunk cross-sectional areas were calculated by means of the

Equation (4).
TCSA=nrm x 2 4)

In the equation;
TCSA = trunk cross-section area (cm?)
r =trunk radius (cm)

2.6. Experimental design and statistical analysis

The experiment was designed according to split plot design. Main plots were mulch treatments
and sub plots were irrigation programs. There were three replications for each treatments and each
replication had twenty one apple trees (Figure 1). Only five trees (grey color in Figure 1) were used for
measurements. The analysis of variance (ANOVA) test for the data was conducted with JUMP software
program and differences among treatments were compared by means of LSD test.

Spacing rows: 4 m

A 4

I Spacing of trees: 3 m

OMMmmMmmmmmE
OMmMmmmmmm@| A
OMMmMmMmmmmmE

Figure 1. An experimental plot of the study.
(F: Fuji variety, G: Granny Smith-pollinator variety)

3. Results
3.1. Irrigation water (I) and evapotranspiration (ET)

Irrigation water (1) and evapotranspiration (ET) were presented in Table 2, Table 3 and Table 4.
The first irrigation dates were 20 May in 2009, 18 May in 2010, and 23 May in 2011, while the latest
irrigation dates were 27 September in 2009, 27 September in 2010 and 22 September in 2011,
respectively. Irrigation water amounts obtained from treatments were in the range of 279.2-424.1 mm
in 2009, 306.7-461.5 mm in 2010 and 363.1-504.7 mm in 2011. It was determined that the plant water
consumption varied in the range of 289.2-516.1 mm in 2009, 317.8-565.4 mm in 2010 and 372.2-570.3
mm in 2011. Mulch treatments required less irrigation water according to control treatment beginning
from the first year.
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Table 2. Irrigation water amounts (1), evapotranspiration (ET), evaporation (Epan) and precipitation (P)
in 2009

Rose oil processing
Months Epan P Control wastes

May? 774 109 404 578 189 410 18.9 189 409 189 189 409 189 189
June 236.1 151 901 832 610 732 81.6 650 654 866 610 728 833 612
July 2543 8.8 1133 859 1246 895 81.9 675 705 453 60.0 689 417 635
Aug. 2383 0.7 109.7 881 1272 86.6 86.5 1355 921 840 623 663 825 620
Sept? 1141 354 706 955 715 403 55.9 225 375 623 836 421 528 79.2
Total  920.2 70.9

Total | 4241 4105 403.2 330.6 3248 3094 306.4 297.1 2858 291.0 279.2 284.8
Total ET 516.1 498.0 492.1 3422 3326 318.8 317.7 307.1 293.8 3025 289.2 291.9

! Total values were between May 20" and 31%.,
2Total values were between September 1% and 27"

Straw Black textile

Table 3. Irrigation water amounts (1), evapotranspiration (ET), evaporation (Epan) and precipitation (P)

in 2010
Months  Epan P Control Rose o\;\la[;;(e)gessmg Straw Black textile
May! 66.1 26.0 57.7 356 39.0 480 289 310 469 226 267 444 188 20.2
June 164.9 50.3 67.5 83.2 636 683 852 611 638 838 612 648 835 613
July 233.8 25 1409 1224 1299 929 921 626 969 875 62.0 909 841 60.8
Aug. 2536 1.7 117.1 85.6 1254 939 88.2 1227 701 855 1235 728 447 62.1

Sept.? 1266 8.1 783 1035 746 606 613 676 663 587 614 557 844 1023
Total 870.7 88.6

Total | 4615 430.3 4325 363.7 355.7 345.0 344.0 338.1 334.8 328.6 3155 306.7
Total ET 565.4 536.3 533.9 377.2 366.7 358.2 357.7 348.7 344.6 343.3 3275 317.8
! Total values were between May 18" and 31%.

2Total values were between September 1% and 27"

Table 4. Irrigation water amounts (1), evapotranspiration (ET), evaporation (Epan) and precipitation (P)

in 2011
Months Epan P Control Rose o\:\:agizé:essmg Straw Black textile
May? 40.7 15.0 29.0 306 31.0 210 224 234 220 240 235 268 231 215
June 188.0 20.6 1040 1277 1212 906 876 615 88.0 863 612 852 88.0 635
July 2429 0.0 1401 848 1214 1137 879 1252 1113 915 1294 896 88.6 66.7
August 2379 83 1409 1270 612 964 922 643 923 913 645 1221 894 1291

September?> 156.2 4.5 90.7 1136 1347 932 1006 1211 818 958 89.8 622 904 823
Total 844.2 48.4

Total | 504.7 483.7 469.5 4149 390.7 3955 3954 388.9 368.4 385.9 379.5 363.1
Total ET 570.3 543.8 533.8 426.4 403.9 405.7 4123 400.1 376.4 4028 391.6 372.2

! Total values were between May 23" and 31%.,
2Total values were between September 1% and 22"

3.2. Vegetative growth
Shoot number

Shoot numbers obtained during the study is shown on Table 5. It was determined that mulch
and irrigation program treatments had statistically important effects in 2009 (p<0.01). The highest
vegetative development was obtained from black textile and rose oil processing wastes mulch treatments
and from 1% irrigation program among irrigation programs. Mulch x irrigation program interaction was
found significant in 2010 (p<0.01). The highest shoot numbers were determined in 1 and 2" irrigation
programs of the mulch treatments. According to the results in 2011, the mulch and irrigation programs
had separate effects on shoot numbers (p<0.01). Black textile and the 1% irrigation program had the
highest values among treatments. In general, mulch treatments had a positive effect on shoot numbers
and it was observed that 1%t irrigation program also had a similar effect.

632



YYU J AGR SCI 30 (3): 628-638
Kiigiikyumruk and Y1ldiz / Determination of the Optimum Mulch-Irrigation Program Combination for Young Apple Trees

Table 5. Shoot numbers of apple trees in 2009, 2010 and 2011

Irrigation programs

Mulches 1% program 2" program 3™ program Average
2009

Black textile 5.13 ns 4.27 4.17 4.52 a**
Straw 4.40 4.27 3.47 4.04 ab
Rose oil processing wastes 4.40 4.33 3.79 4.18a
Control 4.27 3.47 3.29 3.67b
Average 4.55 a** 4.08b 3.68b

2010
Black textile 14.40 a** 13.07 ab 9.47 def 12.31
Straw 13.03 ab 10.80 cd 8.73 efg 10.85
Rose oil processing wastes 12.27 be 11.33¢c 10.87 cd 11.49
Control 9.73 de 8.03¢g 7.73fg 8.49
Average 12.36 10.73 9.28

2011
Black textile 51.67 ns 30.67 24.33 35.56 a**
Straw 36.00 26.33 24.00 28.78 b
Rose oil processing wastes 32.00 26.67 22.67 27.11b
Control 29.67 23.33 19.67 24.22b
Average 37.33 a** 26.75b 22.67 b

**Means followed by the same letter are not significantly different (LSD test, P<0.01; ns: no significant).

Shoot length

According to the results of shoot length (Table 6), the mulch x irrigation program interaction in
2009 and 2010 was effective as statistically 1% level (p<0.01). 1%t and 2" irrigation programs in mulch
treatments had the highest values. Mulch and irrigation program had separate effects (p<0.01) in 2011.
The highest shoot lengths were obtained from black textile among mulch treatments and from 1%
irrigation program among the irrigation programs.

Table 6. Shoot length (cm) values of apple trees in 2009, 2010 and 2011

Irrigation programs

Mulches 1% program 2" program 3" program Average
2009
Black textile 65.81 a** 56.34 b 39.80¢c 53.98
Straw 52.24 b 4151c 24.25¢ 39.33
Rose oil processing 54.51b 4071 ¢ 40.16 ¢ 45.12
wastes
Control 3750 cd 35.32cd 32.99d 35.27
Average 52.51 43.47 34.30
2010
Black textile 105.19 a** 91.58 b 62.79 ¢ 86.52
Straw 94.21b 81.42 cd 59.64 gh 78.42
Rose oil processing 82.98 ¢ 75.72 ef 57.57 gh 72.09
wastes
Control 76.47 de 69.73 f 56.04 h 67.41
Average 89.72 79.61 59.10
2011
Black textile 68.47 ns 66.03 61.70 65.40 a**
Straw 64.33 62.07 54.97 60.46 bc
Rose oil processing 63.90 61.27 58.63 61.27b
wastes
Control 63.27 58.67 50.83 5759 ¢
Average 64.99 a** 62.00 b 56.53 ¢

**Means followed by the same letter are not significantly different (LSD test, P<0.01; ns: no significant).
Shoot diameter

According to the results of shoot diameter (Table 7), mulch x irrigation program interaction in
2010 was found significant while mulches and irrigation programs had separate effects in the other
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years. The highest shoot diameter values in 2009 were obtained from rose oil processing wastes and
black textile in mulch treatments and from 1t irrigation program. 15tand 2" irrigation programs of mulch
treatments had the highest shoot diameter according to the results of 2010. In the last year, black textile
was at the first rank among mulch treatments, and 1%t and 2" irrigation programs were in the same group
statistically.

Table 7. Shoot diameter (mm) of apple trees in 2009, 2010 and 2011

Irrigation programs

Mulches 1% program 2" program 3" program Average
2009

Black textile 5.31ns 4.90 4.77 4.99 ab*
Straw 4.79 4.70 4.24 458 b
Rose oil processing wastes 6.46 5.22 4.37 5.35a
Control 4.57 4.38 4.20 4.39b
Average 5.28 a* 4.80 ab 4.39b

2010
Black textile 9.80 a** 9.01b 7.24 de 8.68
Straw 9.11b 9.10b 7.07 de 8.43
Rose oil processing wastes 9.04b 7.73¢c 6.95e 7.91
Control 7.54 cd 7.16 de 6.78 ¢ 7.16
Average 8.87 8.25 7.01

2011
Black textile 8.14 ns 7.82 7.42 7.79 a*
Straw 7.87 7.84 7.00 7.57 ab
Rose oil processing wastes 7.70 7.49 7.41 7.53 ab
Control 7.52 7.28 6.87 7.22b
Average 7.81 a** 7.61a 7.18b

*Means followed by the same letter are not significantly different (LSD test, P<0.05).
**Means followed by the same letter are not significantly different (LSD test, P<0.01; ns: no significant).

Leaf area index (LAI)

While mulch x irrigation program interaction had significant effect on LAI (p<0.01) in 2010,
mulch and irrigation program had significant effects on LAI (p<0.01) separately in 2011. LAI values
ranged between 0.123 m?m2 and 0.238 m?m2 in 2010. Black textile x 1% irrigation program interaction
had the highest LAI and the lowest LAl was obtained from control x 3" irrigation program interaction.
LAI was ranged 0.136 m? m2 and 0.333 m?m2 and black textile mulch had the highest average LAI
(0.258 m?*m-2) in 2011. Straw and rose oil processing wastes had similar results. LAI values of study in
2011 were higher than LAI values in 2010. According to irrigation programs, while irrigation water
amounts increased, LAI increased.

Table 8. Leaf area index (m?m-2) of the study in 2010 and 2011

Irrigation programs

Mulches 1% program 2" program 3 program Average
2010
Black textile 0.238 a** 0.214 b 0.150 fg 0.195
Straw 0.203 bc 0.163 ef 0.140¢g 0.171
Rose oil processing wastes 0.214b 0.188d 0.146 g 0.180
Control 0.190 cd 0.166 ef 0.123 h 0.170
Average 0.22 0.18 0.14
2011
Black textile 0.333 ns 0.272 0.168 0.258 a**
Straw 0.304 0.252 0.162 0.239b
Rose oil processing wastes 0.303 0.252 0.168 0.241b
Control 0.264 0.209 0.136 0.203 ¢
Average 0.301 a** 0.246 b 0.159 ¢

**Means followed by the same letter are not significantly different (LSD test, P<0.01; ns: no significant)
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Trunk cross-sectional area (TCSA)

At measurements after planting in 2009, there was no differences among all treatments as
statistically (Table 9). According to the measurements results of 2009 following the first measurement,
mulch treatments and irrigation programs have separate effects (p<0.01). The highest values were
obtained from black textile among mulch treatments and from the 1% irrigation program among the
irrigation programs. The effects of mulch x irrigation program interaction were significant in 2010 and
2011 (p<0.05). A significant increasing was determined of measurements TSCA for all treatments

during the study.

Table 9. Trunk cross-sectional area values (cm?) of apple trees in the study

Irrigation programs

Mulches 1% program 2" program 3" program Average
2009 (at planting)
Black textile 110.72 ns 111.89 114.31 112.31 ns
Straw 120.16 113.94 109.40 114.50
Rose oil processing wastes 105.05 113.75 110.56 109.79
Control 105.69 101.47 113.75 106.97
Average 110.41 ns 110.27 112.01
2009
Black textile 250.61 ns 207.21 205.95 221.25 a**
Straw 224.25 190.54 177.26 197.35b
Rose oil processing wastes 187.86 183.22 188.42 186.50 b
Control 186.19 159.79 156.84 167.61c
Average 212.23 a** 185.19 b 182.11b
2010
Black textile 756.83 a* 585.42 bc 431.27 efg 591.18
Straw 598.98 b 507.27 cde 419.02 fg 508.42
Rose oil processing wastes 570.28 bc 474.72 def 408.16 fg 484.39
Control 523.10 bed 424.40 fg 376.75¢g 441.42
Average 612.30 497.95 408.80
2011
Black textile 1919.15 a* 1284.86 bc 977.99 cd 1393.99
Straw 1361.03 b 1191.14 be 947.65 cd 1166.61
Rose oil processing wastes 1033.33 bed 968.67 cd 956.26 cd 986.09
Control 1016.27 bed 961.09 cd 759.37d 912.24
Average 1332.45 1101.44 910.32

*Means followed by the same letter are not significantly different (LSD test, P<0.05).
**Means followed by the same letter are not significantly different (LSD test, P<0.01; ns: no significant)

4. Discussion and Conclusion
4.1. Irrigation water (I) and evapotranspiration (ET)

As the mulch materials prevented the sunlight, the evaporation from the soil surface was
minimized; therefore, evapotranspiration decreased and also irrigation water amounts. Rose oil
processing wastes mulch was less effective than wheat straw mulch, while black textile mulch was the
most effective. For example, in 2009, applied irrigation water amounts was 424.1 mm to the control
treatment for the 1% irrigation program while it was 330.6 mm, 306.4 mm and 291.0 mm in rose oil
processing wastes, straw and black textile mulch treatments, respectively. Irrigation water amounts
obtained from mulch treatments were in the range of 306.7-363.7 mm and 363.1-414.9 mm for second
and third years old apple trees. Ucar et al. (2009) obtained for Galaxy Gala apple variety grafted onto
M9 rootstock without mulches as between 355.7-446.5 mm and 359.2-538.9 mm for two and three years
old apple trees in the same area. When comparing the results, it can be said that mulch treatments had
water saving.

Mulch treatments had significant effects on irrigation intervals. Whilemore frequent irrigation
was made in control treatment, irrigation interval was longer for mulch treatments. Irrigation numbers
and amounts were the highest for the 1%t irrigation treatments. For example, while irrigation interval for
1% irrigation programs were 4 days for control treatments, they were 5-6 days for the other treatments.

635



YYU J AGR SCI 30 (3): 628-638
Kiigiikyumruk and Y1ldiz / Determination of the Optimum Mulch-Irrigation Program Combination for Young Apple Trees

Some of researchers stated that more soil water could be stored at root zone with mulching and irrigation
interval was longer than no mulch treatments and less amounts of irrigation water was used (Treder et
al., 2004; Hogue et al., 2005; Zambreno et al.; 2005; Li et al., 2013).

Irrigation water and plant water consumption increased for all treatments continuously during
the study. Reason for the increasing is that young apple trees growth continuously from year to year.
Similarly, the differences among irrigation water amounts of control and mulch treatments was higher
in 2009 while it narrowed down in 2010 and 2011. The reason is, apple trees in mulch treatments had
higher vegetative growth compared to trees in control treatments, therefore they consumed more
irrigation water. Water saving in mulch treatments was %22.0-31.3, %21.2-28.7 and %17.8-23.5 in
2009, 2010 and 2011, respectively, when it was compared to control treatment. Phadung et al. (2005);
Hegazi and Oguer (2000); Treder et al. (2004) and Hogue et al. (2005) obtained similar results.

4.2. Vegetative growth

The highest shoot development was determined in 1%t irrigation program with frequent irrigation
and lower values were obtained from 3" irrigation program with less irrigation water amounts. That is,
the vegetative development was effected negatively as irrigation interval increased. Frequent irrigation
of apple trees had positive effects on the vegetative development (Cay et al., 2009; Ucar et al., 2009),
less water or water stress had negative effects on the vegetative development of apple trees (Lakso,
2003; Naor, 2006).

According to the results of shoot numbers, shoot length and shoot diameter in 2011, it was
determined that the rose oil processing wastes, wheat straw and control treatments were generally in
same group as statistically. Because the thicknesses of the wheat straw and rose oil processing wastes
decreased in time, their effectiveness also decreased. This is why they had similar results. As synthetic
mulch materials are more effective on the water preservation compared to organic mulches (wheat straw,
rose oil processing wastes etc.), black textile was more effective on the vegetative development of the
trees.

Leaf area index (LAI)

Leaf area measurements is important as for monitoring the plant development (Kili¢ and Anag,
2005) as the leaves are a very important stress indicator for plants (Kocagaliskan, 2005). Therefore, leaf
area index is also important indicator for plants. The highest leaf area index were was obtained from
mulch treatments and 1% irrigation program. The treatments with a greater leaf area index may be
recommended as it is also a good indicator of plant development. Young apple trees growth
continuously. So they had more leaf and also leaf area for each tree. Cohen and Naor (2002) determined
that average LAI of Golden Delicious apple variety grafted on M9 rootstock M9 was 2.4 m?m, Ugar
et al. (2009) reported that the values of Galaxy Gala and Top Red apple varieties grafted on M9 rootstock
ranged between 0.11 and 0.94 m? m2 Because of different apple variety, rootstocks and planting
distances used in the study, values were different from this study.

Trunk cross-sectional area (TCSA)

According to results of TSCA values obtained from the study, it was observed that these values
were continuously increasing each year after planting. Black textile had the highest values and the lowest
values were obtained from the control treatment. Shoot development of fruit trees increased at young
apple orchard when mulch materials were used and this increasing affected positively to trunk diameter
increasing (Buban et al., 1996). Also frequent irrigation had a positive effect on trunk cross-sectional
area. It is possible to said that the vegetative development increased in 1% irrigation program with more
frequent irrigation. Vegetative development of fruit trees decrease when soil water at effective root zone
of trees decreases (Ucar et al., 2009). Vegetative development was negatively affected as the irrigation
interval increased (for 3" irrigation programs). Yazgan et. al. (2004) for young sweet cherry trees and
Ugar et. al. (2009) for young apple trees also reported similar results.

Water saving was determined in the study and less irrigation water was used for apple growing
without a negative effect on vegetative development. Strong vegetative development has a positive
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effect when the trees grown up to yield age. Vegetative development (shoot number, shoot length, shoot
diameter, trunk cross-sectional area, leaf area index) increased continuously because apple trees were
young. Vegetative development of apple trees in mulch treatments was higher than apple trees in control
treatments. Black textile among mulch materials had the highest vegetative development. Rose oil
processing wastes and wheat straw mulches generally had similar results. Researchers reported that
mulch materials increased shoot diameter, shoot length and shoot numbers of fruit trees (Kviklys et al.,
2004; Phadung et al., 2005). The soil water was preserved at effective root zone for a longer period with
mulch materials. Therefore, apple trees spent less energy during water intake with their roots (massive
water intake) and as a result they had a higher vegetative growth and development. Neilsen et. al. (2003)
and Hogue et. al. (2005) obtained similar results.

It was determined that mulching and irrigation programs had both positively effects on
vegetative development and water saving for young apple orchards. Irrigation is recommended when
%20 of available water holding capacity at effective root zone (0-90 cm) is consumed (1% irrigation
program) for young apple trees grafted on MM106 rootstock. Recommended irrigation is the 1%
irrigation program when the available water resources are sufficient. In addition, apple growers can use
2" irrigation program together with mulch materials when water resources are scarce. 22.0 and 31.3%
in average water saving was obtained in mulch treatments. The highest water saving values were
determined in black textile treatments as 23.5-31.3%. Accordingly, irrigation for more agricultural area
may be provided with mulch using when water resources are also sufficient. Irrigation interval could be
expanded with mulch using and a reduction of labor, energy cost etc. cost items was occurred by using
less water. At the orchards where organic mulch materials such as wheat straw and rose oil processing
wastes are used; completion of the missing thicknesses may be recommended at the end of every
growing season to continue the effectiveness of mulches. According to the current status or at the regions
where water resources are limited; the mulch and irrigation programs determined with this study may
be recommended to apple growers.
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