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Increasing population in the world made it nec-
essary to make much more agricultural production, 
however, the wastes generated due to the increase in 
production have reached levels that are noteworthy. 
The damage caused by the waste materials in the en-
vironment required the most beneficial use of these 
wastes. Use of such high quantities of waste materials 
in agricultural practices will both prevent environmen-
tal pollution and provide great contributions as organ-
ic material in plant nutrition [Stella et al. 2020]. The 

majority of Turkey’s agricultural land is known to be 
poor in organic matter. Organic materials are widely 
used to improve soil properties, such as improving the 
physical properties of the soil, water intake and aera-
tion and to increase the plant nutrient content and in-
directly productivity [Bender Ozenc and Ozenc 2008]. 
Plant harvest residues have recently been used widely 
in agricultural practices. Previous researches revealed 
that composted waste materials (hazelnut husk com-
post, tea residue compost, mushroom compost etc.) 
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ABSTRACT

This study was conducted in unheated greenhouses and open-field nurseries of Ordu University Agricultural 
Faculty in 2017. Effects of hazelnut husk compost and tea residue compost on quality and performance of  
5 BB American grapevine rootstock saplings were investigated. The 5 BB American vine rootstock saplings 
were used as the plant material and different media (soil, perlite, tea residue compost, hazelnut husk compost, 
soil + farmyard manure, soil + tea residue compost, soil + hazelnut husk compost, soil + tea residue compost 
+ farmyard manure, soil + hazelnut husk compost + farmyard manure, soil + hazelnut husk compost + tea 
residue compost + farmyard manure) were used as the growing media. To determine the effects of experimen-
tal treatments, shoot growth parameters (shoot length, shoot diameter, number of leaves, leaf area, shoot dry 
weight), root growth parameters (root length, number of roots, root fresh and dry weight, root development 
level) and final sapling performance (1st grade sapling performance, 2nd grade sapling performance, total sap-
ling performance) were determined. Tea residue compost was found to be effective on shoot and root growth 
parameters. Tea residue compost also yielded the greatest 1st grade (75%) and total sapling performance 
(90%). Soil + hazelnut husk compost + farmyard manure (79.6 cm2) was prominent for leaf area and soil + 
tea residue compost + farmyard manure (28.1) was prominent for chlorophyll content. Soil + hazelnut husk 
compost + tea residue compost + farmyard manure (21.9 cm) was found to more effective only on root length.
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could be used alone or in combination with the oth-
er materials as growing media and source of nutrient 
and organic matter [Benito et al. 2005a,b, Cıtak et al. 
2006, Ozenc et al. 2006]. Amount of organic matter 
supplied to soils with these waste materials vary based 
on plant species, growing conditions and climate pa-
rameters [Fageria 2012]. Increased demands and costs 
of peat and perlite commonly used as growing media 
in plant production directed growers to alternative high 
quality, but low-cost materials to be used as growing 
media. Since organic wastes could reduce environmen-
tal problems and utilized in a recyclable fashion, they 
can reliably be used as an alternative of peat. Eastern 
Black Sea Region of Turkey has a large potential for 
hazelnut husk and tea residues as organic waste and 
compost material [Ozenc et al. 2006]. Turkey with an 
annual production of 675 000 tons from 705 500 ha 
land area is the leading hazelnut producer of the world 
and with an annual production of 1 300 000 tons from 
821 079 da land area is the fifth greatest tea produc-
er of the world [Turkish Statistical Institute  2017]. 
Following the harvest, from 1 kg fresh hazelnut, 1/3 
dry shelled hazelnut and 1/5 dry hazelnut husk is ob-
tained. Harvested fresh tea leaves are processed into 
black tea in tea factories. Throughout such a conver-
sion process, about 40 000 tons of tea waste is gener-
ated [Tutuş et al. 2015]. Hazelnut husk covering exter-
nally the hazelnut fruits turns from green into reddish 
brown or yellowish red at harvest season [Ozenc et al. 
2006]. A small quantity of hazelnut husks is used as 
animal bedding material and the rest is either incin-
erated not to occupy a space or not used at all. Such 
unused quantities of postharvest residues generate var-
ious environmental problems for local growers and the 
region. Tea wastes should also be used properly since 
they generate storage problems and restrict factory 
spaces. It was reported that with appropriate compos-
iting, hazelnut husk might turn into material rich in 
organic matter and plant nutrients and have proper pH 
and salinity levels [Tutuş et al. 2015]. Tea wastes are 
quite rich in organic matter and macroelements (espe-
cially in nitrogen and potassium) [Khan et al. 2007]. 
Tea wastes have quite high water holding capacity and 
Vidyasagaran et al. [2014] reported the water hold-
ing capacity as 324%. American vine rootstocks in 
viticulture are generally used to prevent the damag-
es caused by Phylloxera pest [Sucu and Yagcı 2017]. 

However, such a case has brought about some prob-
lems in viticulture practices [Kavak 2006]. Low qual-
ity and performance are major concerns in grafted and 
ungrafted vine sapling production. Considering the 
economic life of grower vineyards as about 40 years, 
the vine sapling need of Turkey is estimated to be  
7.5–15 million [Sen and Yagcı 2016]. Varied with the 
years, the certified vine sapling production of Turkey 
was 4 349 560 in 2016 [Turkish Statistical Institute 
2017]. In the production of vine saplings, environ-
ments such as peat, fermented farm manure, sand can 
be used at different rates. However, it was necessary 
to investigate whether the waste material left over 
from the tea and hazelnut plants grown intensively in 
the Black Sea Region in Turkey could be used after 
composting. This study was conducted to investigate 
potential use of some organic wastes as growing me-
dia and to determine the effects of different growing 
media on quality and performance of saplings of 5 BB 
American vine rootstock.

MATERIAL AND METHODS

Experiments were conducted in unheated plastic 
greenhouses and outdoor nursery spaces of Horticul-
ture Department of Ordu University Agricultural Fac-
ulty in 2017. Dormant woody cuttings to be used in  
5 BB American vine rootstock sapling production were 
supplied from Manisa Viticulture Research Institute in 
February. Cuttings were preserved in a cold storage at 
+4°C until the time of plantation. Before planting, cut-
tings were prepared as to have 3 buds. Two lower buds 
were blunted and planted into unheated perlite-filled 
planting trays on 8 March 2017. All planted cuttings 
rooted and completed a certain growth stage. Three 
months later, single-shoot rooted saplings were trans-
planted into 3-liter pots filled with *soil (S), *perlite 
(P), *tea residue compost (TRC), *hazelnut husk com-
post (HHC), *S + farmyard manure (FM; 1 : 1), *S + 
TRC (1 : 1), *S + HHC (1 : 1 : 1), *S + TRC + FM  
(1 : 1 : 1), *S + HHC + FM (1 : 1 : 1), *S + HHC 
+ TRC + FM (1 : 1 : 1 : 1) media combinations on  
15 June 2017. Chemical characteristics and some mac-
ro-micro elements of experimental growing media are 
provided in Table 1 and Table 2. 

Sapling pots were taken out from the greenhouse 
and placed into outdoor nursery spaces with shadowed 
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conditions on 13 July 2017. Experiments were termi-
nated on 18 September 2017. Saplings were regularly 
irrigated throughout the experiments. Shoot lengths 
(cm) of saplings grown in different media were mea-
sured with a ruler; shoot diameters (mm) were mea-
sured from the mid-section of the shoots with a cal-
iper; number of leaves was counted; leaf areas (cm2) 
were determined with the aid of a planimeter and leaf 
chlorophyll contents were determined with a SPAD me-
ter. Shoots were dried in an oven at 65°C for 72 hours 
and weighed in a precision balance (±0.001 g) to get 
shoot dry weights (g).

Roots of saplings grown in different media were 
washed throughly. Root lengths (cm) were measured 
with a ruler; number of roots were counted; roots were 
dried in an oven at 65°C for 72 hours and weighed in 
a precision balance (±0.001 g) to get root dry weights. 
Root development levels were assessed based on the 
scale provided in [Celik 1982] (0: no rooting, 1: sin-
gle-sided rooting, 2: two-sided rooting, 3: three-sided 
rooting and 4: all around rooting).

Potted Vine Sapling Standards (TS 3981) were tak-
en into consideration to determine total sapling perfor-
mance as 1st and 2nd grade sapling performance [Cangi 
et. al. 2017]. According to these standards, the saplings 
with at least 30 cm stem length, 7 mm stem diameter, 
3 developed main roots and developed, lignified and at 
least 20 cm long shoot were classified as the 1st grade 
saplings and the saplings with at least 30 cm stem 
length, 5 mm stem diameter, 2 developed main roots 
and developed, lignified and at least 10 cm long shoot 
were considered as the 2nd grade saplings. Total sapling 
performance (%) was calculated as the total of the 1st 
and 2nd grade sapling performances. 

Statistical analysis 
Experiments were conducted in randomized plots 

design with 3 replications with 10 saplings in each. 
Experimental data were subjected to analysis of vari-
ance (ANOVA) with the use of JMP.10 statistical soft-
ware and significant means were compared with the 
use of LSD test at 5% significance level.

 Table 1. Chemical characteristics of experimental materials 

Media Texture pH EC 
(mmhos cm–1) 

Organic matter 
 (%) 

S clay 7.20 0.260 2.44 
TRC – 4.22 2.420 50.97 
HHC – 6.49 0.544 44.30 
FM – 8.50 5.430 47.63 

S – soil; TRC – tea residue compost, HHC – hazelnut husk compost, FM – farmyard manure 

 

 

Table 2. Macro and micro elements of experimental materials  

Microelements (mg kg–1) 
Media 

Zn Fe Cu Mn B 

Total N 
(%) 

P 
(mg kg–1) 

K 
(me 100 g–1) 

S 0.12 9.20 0.28 4.68 0.73 0.09 9.63 5.50 
TRC 66.11 1173.06 188.51 604.28 0.64 1.73 9.68 1.93 
HHC 66.80 1288.81 136.94 572.33 0.59 0.98 8.25 4.33 
FM 72.14 1336.86 105.73 850.66 0.81 1.20 8.11 7.62 

S – soil; TRC – tea residue compost, HHC – hazelnut husk compost, FM – farmyard manure 

 

 

Table 3. Effects of different growing media on shoot and leaf development parameters of 5 BB American grapevine 
rootstock saplings  

Growing  
media 

Shoot 
length 
(cm) 

Shoot 
diameter 

(mm) 

Shoot dry 
weight 

(g) 

Number  
of leaves 

Leaf area 
(cm2) 

Chlorophyll 
content 
(SPAD) 

P 13.8 e 2.84 ef 1.07 de 6 de 24.7 e 10.8 f 

S 11.9 e 2.91 def 1.19 de 7 de 23.4 e 8.8 f 

HHC 18.8 de 3.14 def 0.97 de 6 de 21.7 e 16.7 e 
TRC 62.9 a 4.72 a 7.42 a 32 a 69.2 b 15.4 e 

S + FM 15.8 de 2.70 f 0.57 e 5 e 38.5 d 23.4 c 

S + HHC 18.6 de 3.05 def 2.09 d 11 d 35.1 d 20.0 d 

S + TRC 24.7 d 3.42 cde 3.67 c 18 c 47.5 c 21.0 d 

S + HHC + FM 36.4 c 3.50 cd 4.04 c 17 c 79.6 a 26.2 ab 

S + TRC + FM 41.7 bc 3.87 bc 4.19 c 17 c 66.3 b 28.1 a 

S + HHC + TRC + FM 46.9 b 4.21 ab 5.55 b 24 b 67.8 b 25.4 bc 

LSD (5%) 9.9 0.63 1.332 5 5.3 2.1 

P – perlit; S – soil; HHC – hazelnut husk compost;  TRC – tea residue compost, FM – farmyard manure. Mean values indicated by different 
letters identify significantly different groups (P ≤ 0.05, LSD test)  
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RESULTS 

Shoot and leaf development 
Effects of different growing media on shoot and 

leaf development of 5 BB American vine rootstock 
sapling are provided in Table 3. Shoot and leaf devel-
opment parameters were remarkably influenced by 
growing media and resultant differences were found 
to be significant. 

The greatest shoot length was obtained from tea 
residue compost treatments (62.9 cm) and the low-
est shoot lengths were obtained from soil (11.9 cm) 
and control (perlite) (13.8 cm) treatments. For shoot 
lengths, TRC treatment (62.9 cm) was followed by  
S + HHC + TRC + FM media (46.9 cm). HHC treat-
ments provided higher shoot lengths than single per-
lite and soil treatments. The greatest shoot diameter 
(4.72 mm) was also obtained from TRC treatments 
and again as it was in shoot lengths, single HHC treat-
ments yielded more effective shoot diameters than sin-
gle perlite and soil treatments. HHC had distinctive 
effects on shoot diameter when combined with soil, 
tea residue compost and farmyard manure. HHC was 
also found to be more effective on shoot diameter 

when combined with soil as compared to single per-
lite and soil treatments. The greatest shoot dry weight 
(7.42 g) was obtained from TRC treatments and the 
lowest value (0.57 g) was obtained from S + FM treat-
ments. TRC yielded greater shoot dry weights when 
combined with soil or FM as compared to single per-
lite and soil treatments. With regard to effects of HHC 
on shoot dry weights, it was observed that HHC was 
found to be more effective when combined with soil, 
TRC and FM. 

The greatest number of leaves was obtained from 
TRC treatment with 32 leaves and the lowest number 
of leaves was obtained from S + FM treatment with  
5 leaves. The greatest leaf area was observed in  
S + HHC + FM treatment (79.6 cm2) and the low-
est leaf areas were observed in HCC (21.7 cm2), soil  
(23.4 cm2) and perlite (24.7 cm2) treatments. The S  + 
HHC + FM combination was followed by single TRC 
treatment (69.2 cm2). The S + HHC + TRC + FM  
(67.8 cm2) and S + TRC + FM (66.3 cm2) treatments 
were also placed into the same statistical group. Leaf 
areas of single hazelnut husk compost treatments were 
not significantly different from the leaf areas of single 
soil and perlite treatments. However, S + HHC combi-

 Table 1. Chemical characteristics of experimental materials 

Media Texture pH EC 
(mmhos cm–1) 

Organic matter 
 (%) 

S clay 7.20 0.260 2.44 
TRC – 4.22 2.420 50.97 
HHC – 6.49 0.544 44.30 
FM – 8.50 5.430 47.63 

S – soil; TRC – tea residue compost, HHC – hazelnut husk compost, FM – farmyard manure 
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nation was found to be more effective than single per-
lite and soil treatments. S + FM combination was also 
more effective than single perlite and soil media. Chlo-
rophyll contents (SPAD) were significantly influenced 
by growing media. The greatest chlorophyll content 
(28.1) was obtained from S + TRC + FM treatment 
and the lowest (8.8) in soil treatments. Since TRC or 
HHC treatments or S + HRC treatments were found 
to be more effective on chlorophyll contents than the 
single perlite and soil treatments. S + FM combination 
also had greater chlorophyll content (23.4) than the 
single perlite and soil media. 

Root development
Effects of different growing media on root de-

velopment parameters (root length, number of roots, 
root dry weight and root development levels) of 5 BB 
American vine rootstock saplings are provided in Ta-
ble 4. Root development parameters were remarkably 
influenced by growing media and the differences were 
found to be significant.

The greatest root length (21.9 cm) was obtained 
from S + HHC + TRC + FM media and the lowest 
(4.9 cm) from S + TRC media. The S + HHC + TRC 
+ FM media with the greatest root length was followed 
by TRC treatment with a root length of 18.3 cm. Rath-
er than single use of HHC media (12.3 cm), S + HHC 

(13.5 cm), S + HHC + FM (16.9 cm) or S + HHC + 
TRC + FM (21.9 cm) combinations yielded greater root 
lengths. The greatest number of roots (30 roots) was 
obtained from TRC treatments and the least number 
of roots (6 roots) was obtained from S + FM media. 
For number of roots, TRC media was followed by S + 
TRC media with 20 roots. However, S + TRC + FM 
media yielded lower number of roots than single per-
lite and soil media. HHC media did not result in sig-
nificant differences in number of roots as compared to 
perlite media, but was found to be more effective than 
single soil treatments.

As was found in number of roots, the greatest root 
dry weight (2.85 g) was obtained from TRC treatments 
and the lowest root dry weight (0.41 g) was obtained 
from S + FM treatments. The S + FM media with the 
least root dry weight was followed by soil (0.49 g) and 
perlite (0.71 g) treatments which were placed into the 
same statistical group. Single HHC treatments were 
found to be more effective than single perlite and soil 
treatments. However, for root dry weight, S+HHC 
or S + HHC + FM treatments were found to be more 
effective than single perlite and soil treatments. The 
greatest root development level (3.8) was obtained 
from TRC treatments and the lowest root development 
level (1.6) was obtained from S + FM followed by soil 
treatments (1.7). 

 Table 4. Effects of different growing media on root development parameters of 5 BB American grapevine rootstock  
saplings  

Growing  
media 

Root length 
(cm) 

Number of 
roots (n) 

Root dry 
weight  

(g) 

Root development 
level 
(0-4) 

P 12.3 cd 17bc 0.71d 3.3ab 

S 7.6 ef 12d 0.49d 1.7d 
HHC 12.3 cd 14cd 1.22cd 2.9bc 
TRC 18.3 b 30a 2.85a 3.8a 
S + FM 6.1 fg 6e 0.41d 1.6d 
S + HHC 13.5 c 13d 2.68a 2.4c 
S + TRC 4.9 g 20b 0.87cd 2.4c 

S + HHC + FM 16.9 b 11d 2.16ab 2.4c 

S + TRC + FM 10.1 de 11d 1.66bc 2.4c 

S + HHC + TRC + FM 21.9 a 14cd 2.59a 2.9bc 

LSD (5%) 2.6 3 0.917 0.6 

 

 

Table 5. Effects of different growing media on sampling performance of 5 BB American grapevine rootstock saplings  

Growing media 
1st grade sapling 

 performance  
(%) 

2nd grade sapling 
 performance  

(%) 

Total sapling 
 performance  

(%) 

P  35.9 bc  54.1 ab 90.0 a 

S  30.0 bc 60.0 a 90.0 a 

HHC  27.8 cd  56.1 ab 83.8 a 

TRC 75.0 a 15.0 d 90.0 a 

S+FM  6.2 d  49.1 abc 51.1 c 

S+HHC  29.9 bc  50.9 ab 83.8 a 

S+TRC 28.3 c  48.8 abc  63.9 bc 

S+HHC+FM 28.1 c  39.1 bc  52.8 bc 

S+TRC+FM 28.3 c  40.8 abc  55.1 bc 

S+HHC+TRC+FM 50.8 b 28.8 cd 66.1 b 

LSD (5%) 21.8 20.8 13.8 

P – perlit; S – soil; HHC – hazelnut husk compost;  TRC – tea residue compost, FM – farmyard manure. Mean values indicated by different 
letters identify significantly different groups (P ≤ 0.05, LSD test) 
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Sapling performance parameters (%)
Effects of different growing media on the 1st and 

2nd grade and total sapling performance on 5 BB 
American vine rootstock saplings are provided in Ta-
ble 5. Both quality classes were remarkably influenced 
by growing media and differences were found to be 
significant. 

The greatest 1st grade sapling performance (75.0%) 
was achieved in TRC media and the lowest (6.2%) 
was seen in S + FM media. TRC media was followed 
by S + HHC + TRC + FM media (50.8%). Rather 
than singe use of HHC or use of S + HHC and S + 
HHC + FM combinations, the S + HHC + TRC + FM 
treatments yielded greater 1st quality sapling perfor-
mance (50.8%). The greatest 2nd grade sapling perfor-
mance (60%) was obtained from soil treatments and 
the lowest (15%) in TRC treatments. Soil media were 
followed by HHC treatments with a 2nd grade sapling 
performance of 56.1%. Perlite media had 54.1% 2nd 
grade sapling performance. The greatest total sapling 
performance (90%) was achieved in perlite, TRC and 
soil media followed by HHC and S + HHC media. 

The lowest total sapling performance (51.1%) was ob-
served in S + FM media.

DISCUSSION

When the shoot development parameters were as-
sessed in general, it was observed that the best shoot 
development was achieved with TRC treatments and it 
was followed by S + HHC + TRC + FM media com-
bination. S + TRC + FM media combination also ex-
hibited a better shoot development just behind these 
two media. Since tea residue compost has high organic 
matter, N and P contents and low pH value, it might 
have improved availability of micronutrients and pro-
moted plant nutrient uptake. Copper (Cu) exists in 
structure of several enzymes with a great role in vital 
metabolic processes, forms complexes with proteins, 
plays an important role in photosynthetic reactions 
and stimulates carbohydrate quantities during the veg-
etative growth stages of the plants. TRC is quite rich 
in Cu, thus such positive impacts of TRC on shoot de-
velopment parameters could be attributed to high Cu 
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(%) 

Total sapling 
 performance  

(%) 

P  35.9 bc  54.1 ab 90.0 a 

S  30.0 bc 60.0 a 90.0 a 

HHC  27.8 cd  56.1 ab 83.8 a 

TRC 75.0 a 15.0 d 90.0 a 

S + FM  6.2 d  49.1 abc 51.1 c 

S + HHC  29.9 bc  50.9 ab 83.8 a 

S + TRC 28.3 c  48.8 abc  63.9 bc 

S + HHC + FM 28.1 c  39.1 bc  52.8 bc 

S + TRC + FM 28.3 c  40.8 abc  55.1 bc 

S + HHC + TRC + FM 50.8 b 28.8 cd 66.1 b 

LSD (5%) 21.8 20.8 13.8 

P – perlit; S – soil; HHC – hazelnut husk compost;  TRC – tea residue compost, FM – farmyard manure. Mean values indicated by different 
letters identify significantly different groups (P ≤ 0.05, LSD test) 
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contents. Rather than since use of HHC, combinations 
of HHC with soil, FM and TRC had greater positive 
effects on shoot development. Experimental materials 
were quite richer in organic material, N, P, Zn, Fe, Cu 
and Mn than the soil and perlite. Since sufficient Fe 
levels are directly related to plant Fe contents, chlo-
rophyll synthesis and photosynthetic chain [Khobra 
2014], such organic media might have influenced veg-
etative development and such a development then re-
flected in leaf development and chlorophyll contents. 
TRC with high organic matter content, besides high P 
contents, might have greater impacts on leaf growth 
and areas. Previous researchers also reported positive 
effects of organic substances supplemented into soils 
on plant shoot and leaf development [Seker and Er-
soy 2005]. Some researchers also reported positive 
effects on TRC and HHC on plant heights of ornamen-
tal plants, corn and pepper [Kütük 2000, Yılmaz and 
Bender Ozenc 2012, Bender Ozenc and Hut 2018].

For root development in general, single TRC treat-
ments was the most effective treatment and it was fol-
lowed by S + HHC + TRC + FM media. There are sev-
eral factors effecting root development, morphology 
and distribution including transfer of photosynthetic 
products into roots, plant nutrients, physicochemical 
characteristics of growing media [Kacar et al. 2009]. 
Experimental materials were organic substances, 
thus improved physical conditions of present clay 
soil. Roots exhibit better growth and development in 
well-aerated soils with proper moisture contents. Bet-
ter outcomes of TRC media were attributed to greater 
transfer of photosynthetic products into roots. On the 
other hand, nitrogen has the greatest effects on root 
development, and it was followed by phosphorus. Ni-
trogen increases root surface area and length, thus in-
creases root contact with soil, then promotes water and 
nutrient uptake of the roots from the soil. Since TRC 
is quite rich in nitrogen and phosphorus, the best root 
development was achieved in media containing TRC. 
Koc [2008] reported significant effects of organic fer-
tilizers supplemented into soils on root development 
levels. Flores [2014] investigated the effects farmyard 
manure, vermicompost and vermicompost tea on root 
growth and development of grapevines and reported 
15% longer root development in farmyard manure 
and vermicompost tea treatments. Bender Ozenc and 
Ozenc [2007] used hazelnut husk compost as grow-

ing media under greenhouse conditions and indicated 
that organic matter influenced root length and surface 
area. Yılmaz and Bender Ozenc [2012] indicated reg-
ular effects of tea residue and hazelnut husk compost 
on total root length of maize and reported the greatest 
root length for 8% dose of tea residue compost. Akın 
[2009] worked with sand, farmyard manure and forest 
soil and reported significant effects of growing media 
on root fresh and dry weights. Kutuk [2000] indicated 
that tea residue could be supplemented into growing 
media at certain doses to improve root growth and 
development. Bender Ozenc and Hut [2018] reported 
positive effects of tea residue compost on root devel-
opment of pepper plants.

Considering the primary target of producing the 
1st grade saplings, TRC and S + HHC + TRC + FM 
media were found to be more effective in the 1st grade 
sapling performance. Previous researchers also report-
ed positive effects of organic matter supplementations 
into soils on plant growth and development [Polat and 
Almaca 2006, Bender Ozenc and Hut 2018]. Experi-
mental soil has clay texture and quite poorer in organic 
matter than TRC, HHC and FM media. Thus, TRC and 
HHC yielded distinctive differences in this sense. The 
pH and electrical conductivity values of TRC were 
also within sufficient ranges. In brief, because of quite 
high organic matter contents, TRC and HHC yielded 
remarkable differences in sapling quality and perfor-
mance. Positive effects of TRC and HHC supplemen-
tations into growing media on sapling development 
were also supported by the findings of earlier studies.

CONCLUSION 

It was concluded based on present findings that 
TRC and HHC had positive effects on vine sapling 
quality and performance. TRC was found to be prom-
inent with greater impacts on both shoot and root de-
velopment and sapling performance. Rather than sin-
gle use, combined use of HHC was found to be more 
effective on sapling development. Besides, S + HHC 
+ TRC + FM media could also be recommended for 
better development and performance of 5 BB Ameri-
can vine rootstock saplings. Black Sea Region of Tur-
key has quite available conditions for tea and hazelnut 
culture and plenty of waste materials of these prod-
ucts are available in the region. Potential use of these 
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organic wastes in cultural practices and sapling pro-
duction may provide significant economic contribu-
tions to growers and producers without environmental 
demages. 
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