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Abstract

The aim of this study is to determine the changes in quality of pak choi in successive growing seasons.
Experiments were carried out in a PE covered cold greenhouse in late autumn-early winter and late winter-early
spring growing period in Turkey (41°11’ N, 27°49’ E). Results showed that morphological features, the leaf area
(73.82 mm?), leaf length (31.21 mm), average leaf width (2.70 mm), maximum leaf width (3.92 mm), mass (95.27 g)
and moisture content values of leaves (0.90% w.b.) were higher in late autumn-early winter period but leaf thickness
(0.33 mm) contents were higher in late winter-early spring period. Yield characteristics investigated were affected by
season and were found relatively higher in late autumn-early winter than late winter-early spring growing period. And
it was 5713 kg ha™ in late autumn-early winter growing period and 5034 kg ha' in late winter-early spring growing
period. In point of the dry matter content investigated were affected by season, and were higher in late autumn-early
winter than late winter-early spring growing period. It was 12.4% in late autumn-early winter growing period and
10.25% in late winter-early spring growing period. Account of total protein of plants grown in late autumn-early winter
(25.16%) was higher than in late winter-early spring (22.45%) growing period. Sowing time did affect ascorbic acid
content significantly. It was 44.21 mg.100" g in late autumn-early winter growing period and was recorded as 38.02
mg.100" g in late winter-early spring growing period. Color parametres L, a, b values were measured as 27.92; -6.98
and 8.53 in late autumn-early winter and as 21.64; -5.48; 7.49 late winter-early spring. Sowing time did affect color
parameters content significantly. Late autumn-early winter growing time result was higher than in late winter-early
spring growing time. With regard to mineral content N (4.67%), P (0.65%), Cu (9.32 ppm), Fe (879.6 ppm) and Zn
(49.13 ppm) values were higher in plants grown in late autumn-early winter in comparison with plants grown in late
winter-early spring as K (4.45%), Ca (2.36%), Mg (0.41%) and Mn (62.25 ppm) values of plants were higher in late
winter-early spring growing period. Results of the study indicated that different weather conditions influenced the
pak choi yield and the chemical composition of the leaf as well. Pak choi with its relatively short cultivating period,
easy growing, and dietary value can be a good alternative crop for late autumn-early winter growing period in cold

greenhouses.
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Introduction

As a highly rated leafy variety of vegetables and a marvelous food
alternative, brassicas is grown for its enlarged, edible, terminal buds;
and is preferably eaten almost everywhere in the world as well [1]. This
green vegetable was made known around the world by the efforts of
the travelers and immigrants [2-4]. Pak Choi: syn. Brassica Chinensis
L. (1759), Brassica Campestris L. subsp. Chinensis (L.) Makino [5],
Brassica rapa L. subsp. Chinensis (L.) Hanelt [6] evolved in China,
and its cultivation was recorded since the 5th century AD. It is widely
grown in southern and central China, and also Taiwan. This group is
a relatively new comer vegetable in Japan where it is still referred to as
‘Chinese vegetable’ [7]. As a leafy vegetable, Chinese cabbage presents
short storing life and therefore it should be produced near the markets.
This species can be possibly cultivated in climatic zone of Central
Europe from spring to winter because of not having high thermal needs
and possessing a rather short vegetation period. Leaves of the crop
can be consumed from a stage of transplant, but it is recommended
to harvest rosettes after 50 to 60 days from sowing or 30 to 40 days
from transplanting [8]. The crisp leaves and thick petioles of bitter taste
are excellent for cooking as a boiled vegetable [9]. Food nutrition is
becoming one of the most important features in the choice of products
in modern conditions. Brassica vegetables are characterized by high
water content, low caloric value, containing high quality of protein,
carbohydrates, fibre, vitamins, minerals, and also secondary plant
metabolites. In humans, the last given issues have anti-carcinogenic,

antioxidant, antibacterial and antiviral effects, and they encourage
the immune system and reduce inflammation. Nevertheless, Brassicas
prevent the development of cardiovascular diseases and illnesses
associated with ageing as well [10,11]. The objectives of this study
have focused on the evaluation of nutritive aspects by determining the
changes in quality of Brassica rapa L. subsp. Chinensis L. in successive
growing seasons.

Materials and Methods

Using high tunnel cold greenhouse covered by polyetilen (PE) with
UV additive which belongs to Namik Kemal University, Vocational
College of Technical Sciences, Plant and Animal Production
Department, the experiments were carried out during successive
crop seasons: late autumn-early winter and late winter-early spring
in Tekirdag city (40°98” N, 27°48” E) Turkey. Research was designed
as 3 replications according to randomized block experimental design.
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The 1340C variety of Pak Choi (Chilternseeds Firm) was used for the
research (Figure 1). Seeds were sown in multi-celled trays filled with
peat (Klasmann-Deilmann, Potground H, Germany) in October. Some
specifications of the used peat are: 160-260 mg/L N, 180-280 mg/L
P,0,, 200-150 mg/L K 0, 80-150 mg/L Mg, pH: 6, 0.8% N, 70% organic
matter, and 35% C. When the seedlings became 2 to 3 true leaves (21
days for pak choi after seed sowing) they were planted to pre-prepared
places in high tunnel cold greenhouse with 10 x 10 cm intervals and
10 plants in each parcel. Some chemical contents of the soil used in the
experimental field can be seen in Table 1. The climate data measured
inside the tunnel during the growing of the plants can be seen in Table
2. Plants were harvested 40 days after seed sowing. Since there were no
diseases and pests, no pesticides was used during the growing period.

Morphological features

The LI-COR brand LI-3000C model’s portable area measurement
device was used to measure of the leaf length, width and surface
area of Pak Choi plants. A mechanical type micrometer, which has
measurement range between 0-25 mm, was used in order to determine
leaf thickness, and the digital sliding caliper, which has 0.01 accuracy,
was used in order to define stalk thickness. The AND GF-610 brand
precision balance with 0.001 accuracy was used for measuring the mass
of plants. The measurements were performed using 10 plants with 3
replications by randomly choosing the leaves of the experiment from
these plants.

Dry matter

The dry matter content in leaves was determined by drying the
sample at 68°C up until constant weight is obtained [12].

Yield

The marketable yield was determined. Harvest was performed only
once in particular growing periods, specifying the mass of leaves. The
leaves which were fully developed and without damages were treated as
they are marketable [13].

Determination of color parameters

Color measurements were performed using Hunter Lab D25LT
Color Measurement device, which has big measurement range,
and especially which is suitable for color measurements of non-
homogeneous materials. The color parameters that are brightness (L)
and color coordinates of ‘@’ and ‘b’. L value changes between 0 and
100.0 shows black color and 100 shows white color. Color coordinates
of @ and D’ don’t have any specific measurement interval and they

Figure 1: Pak Choi plants (Original).
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Soil Properties Results
pH 8.01
Salinity (%) 0.07
CaCo, (%) 2.74
Organic matter (%) 1.35
Ca (%) 0.54
P (ppm) 36.40

K (ppm) 253.80

Mg (ppm) 473.10
Mn (ppm) 5.68
Cu (ppm) 0.81
Fe (ppm) 7.43
Zn (ppm) 0.97

Table 1: Some Chemical Properties of Soil of Growing Soil.

Average Maximum Minimum Average

Month temperature | temperature @ temperature humidity
(°C) (°C) (°C) (%)
October 16.01 19.02 13.05 89
November 12.4 14.8 10.0 87
December 9.4 12.5 6.4 88
January 71 101 4.1 89
February 7.6 10.9 43 87
March 9.5 13.0 6.1 90
April 14 17.8 10.2 84

Table 2: Average climate data in unheated greenhouse during the months of the
experiment.

can have positive and negative values. The ‘a’ value represents red-
green axis, where positive values are for red color, negative values are
for green color, and 0 is neutral. If color coordinate of ‘b’ is positive it
shows yellow color and the negative values show the blue color [14].
The measurements were made using 10 plants and 3 replications were
performed on the every plant by randomly choosing the leaves. The
3 replication measurements on the randomly chosen leaves from the
same plant were made by 3 replications.

Ascorbic acid

Ascorbic acid was determined in direct plant extracts with 2,
6-dichloroindophenol by visual titration.

Total protein

The content of total proteins was estimated in dry material by the
Kjeldahl method [15].

Mineral contents

Leaf samples were analyzed by ICP optical emission spectrometry
(ICP-OES) total nitrogen, phosphorus, potassium, calcium, magnesium
and some trace elements Fe, Cu, Zn, and Mn in each plant leaf sample [15].

Statistical analysis

All data were analyzed statistically with SPSS software program
(v.16.0 for Windows OS) and the differences between practices were
compared by using least significant difference (LSD) test at (p<0.05)
probability [16].

Results and Discussion

Morphological features

The leaf area (73.82 mm?), leaf length (31.21 mm), average leaf
width (2.70 mm), maximum leaf width (3.92 mm), mass (95.27 g)
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and moisture content values of leaves (0.90% w.b.) were higher in late
autumn-early winter period but leaf thickness (0.33 mm) contents
were higher in late winter-early spring period (Table 3). According to
(Maynard et al. and Barillari et al.) and Cengel et al. [17-19] growth
and composition of leafy vegetables varies with season or time of year
and some environmental and agronomic factors might significantly
change the quality of the product. According to (Siomos and Kalisz et
al.) and (Kalisz and Kalisz et al.) [20-23] effect of different sowing dates
on transplant characteristics were found both for non-heading Chinese
cabbage and for heading group of Chinese cabbage.

Yield

Yield characteristics investigated were affected by season and were
found relatively higher in late autumn-early winter than late winter-
early spring growing period. It was 5713 kg ha in late autumn-early
winter growing period and 5034 kg ha' in late winter-early spring
growing period (Table 4).

In this experiment, pak choi responded positively to plantings in
late autumn-early winter. Plants were grown in lower temperatures
and less intensive sunlight therefore they resulted in higher yields. A
significant effect of growing period on the yield and quality were stated
for many Brassicaceae species: leafy cultivars of Brassica rapa [24];
broccoli [25]; Acikgoz, [26]; red cabbage [27]; cauliflower [28]; Brussels
sprouts [29] and Brassica rapa var. narinosa [30].

Dry matter

The dry matter content investigated were affected by season, and
were higher in late autumn-early winter than late winter-early spring
growing period. It was 12.4% in late autumn-early winter growing
period and 10.25% in late winter-early spring growing period. The dry
matter content changed significantly amongst Brassica rapa cultivars
[31]. Hara and Sonoda, [32] found that grown cabbage had lower dry
matter content at higher temperatures.

Growing Date

Physical properties Late autumn-  Late winter-

early winter early spring Mean  LSD,
Leaf area (mm?) 73.82a 71.62b 72.72 2.15
Leaf length (mm) 31.21a 29.11b 30.16 2.98
Average leaf width (mm) 2.70a 1.90b 2.33 0.37
Maximum leaf width (mm) 3.92a 2.91b 3.41 0.51
Leaf thickness (mm) 0.33b 0.34a 0.33 0.02
Mass (g) 95.27a 90.36b 92.81 10.1
Moisture content values 0.90a 0.90a 0.90 0.06

leaf (% w.b.)
Table 3: Some Morphological Properties of Plants.

Growing Date
Late autumn-early | Late winter-early

winter spring Mean  LSD,,

Yield (kg ha') 5713a 5034b 5373.5 | 54.09
Dry matter % 12.4a 10.25b 11.32 6.02
Protein % 25.16a 22.45b 23.80 1.98
Ascorbic acid 44.21a 38.02b 4111 | 27

mg.100" g

a -6.98b -5.48a -6.23 4.21
b 8.53a 7.49b 8.01 5.71
L 27.92a 21.64b 24.78 2.07
YI 42.54a 39.95b 41.24 2.76

Table 4: Influence of sowing time on the yielding, content of nutritive and color
parameters of plants.

Total protein

Total protein of plants grown in late autumn-early winter (25.16%)
was higher than in late winter-early spring (22.45%) growing period
(Table 4). This result can be related to the N content of plants grown in
late autumn-early winter. Rosa and Heaney, [33] detected that, without
considering the cultivars, total protein contents of Brassica crops
were 94.6 g kg DM in spring- summer period and 409.7 g kg DM in
summer-spring period.

Ascorbic acid

Sowing time did affect ascorbic acid content significantly. It was
44.21 mg.100" g in late autumn-early winter growing period and was
recorded as 38.02 mg.100"' g in late winter-early spring growing period
(Table 4). Early findings showed that limited light, clouding and low
light intensity have reducing effects on ascorbic acid content of the
plant tissues (Lee and Kader and Shinihara and Suzuki) (Weston, Barth
and Tamura) [34-37]. Despite this light is not essential for the ascorbic acid
synthesis, the amount and intensity of light during the growing season
have a definite influence on the amount of ascorbic acid formed [38].

Color parameters

The measured whiteness or brightness/darkness value (L),
the value for greenness (-a), the value for yellowness (b) and the
yellowness index (YI) values for leaves of Pak Choi plant were given
in Table 4. When the results of 3 replications measurement were
analyzed, it was determined that the differences between L, a, b
and yellowness index were significant (p<0.05). L, a, b values were
measured as 27.92; -6.98 and 8.53 in late autumn-early winter and
as 21.64; -5.48; 7.49 late winter-early spring. Sowing time did affect
color parameters content significantly. Late autumn-early winter
growing time result was higher than in late winter-early spring
growing time. According to Fallovo et al. [39], a value (greenness)
of leafy lettuce increased owing to lower N levels in the leaves, and
it is consistent with this study. Similarly according to Ali et al. the
‘b’ value resulted in a higher level in non-shaded conditions, and
showed deeper color with lower lightness.

Mineral contents

The N (4.67%), P (0.65%), Cu (9.32 ppm), Fe (879.6 ppm) and Zn
(49.13 ppm) contents of plants were higher in late autumn-early winter
period, and the K (4.45%), Ca (2.36%), Mg (0.41%) and Mn (62.25
ppm) contents were higher in late winter-early spring period (Table
5). Nutrient contents of plants may be changed by environment [40-
42]. Light affects the concentration of the elements in the plant by its
effect on the amount of photosynthate produced, and alters the ratio of
element to dry matter concentration. According to Jones et al. [43] the
dilution effect due to production of carbohydrates in full light is rather
characterized by reduced concentration for most nutrients, they also
reported that total N in spinach leaves was reduced as light increased
with no N applied. In some cabbage species, total nitrogen varies from
1.36 to 4.60%, phosphorus from 0.39 to 0.81% and potassium from 2.18
to 3.77% [44]. Kale have more N, P, K and Mg in fall than in spring,
and air temperature also affects N uptaken by salad greens [41]. Rosa
and Heaney [45] found that, in some Brassica species, with exception
of Ca and Mg, the contents of all minerals investigated were higher in
fall sowing time than in spring sowing time and mineral contents of
plants responded to environmental changes. Caruso et al. [46] states
that while Cu accumulated in plant tissues mainly in fall on the other
hand Ca accumulated in spring growing period.
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Growing Date

Late autumn-early Late winter-early

winter spring Mean LSDy s

N (%) 4.67a 4.59b 4.63 1.34
P (%) 0.65a 0.57b 0.61 0.41
K (%) 4.39b 4.45a 4.42 1.23
Ca (%) 2.27b 2.36a 2.31 0.45
Mg (%) 0.38b 0.41a 0.39 0.25
Mn (ppm) 42.13b 62.25a 31.19 2.01
Cu (ppm) 9.32a 7.01b 8.16 0.85
Fe (ppm) 879.6a 139.2b 509.4 12.21
Zn (ppm) 49.13a 37.98b 43.55 2.23

Table 5: Influence of sowing time Mineral contents of plants.

Conclusions

In this study, some morphological properties of plants except

leaf thickness were found to be favorable in late autumn-early
winter growing period. And content of nutritive elements and color
parameters of plants except a (greenness) were rather favorable in late

a
a

utumn-early winter growing period. In terms of the mineral contents
s K, Ca, Mg, and Mn higher results held in late winter-early spring,

whereas N, P, Cu, Fe and Zn contents were higher in late autumn-early
winter growing period. Pak choi with its relatively short cultivating
period, easy growing, and dietary value can be a good alternative crop
for late autumn-early winter growing period in cold greenhouses.

References

1.

Tirasoglu E, Cevik U, Ertugrul B, Apaydin G, Baltas H, et al. (2005)
Determination of trace elements in cole (Brassica oleraceae var. acephale) at
Trabzon region in Turkey. J Quantitative Spectroscopy Radiative Transfer 94:
181-187.

Nieuwhof M (1969) Cole Crops. Leonard Hill, London, p: 102-104.

Balkaya A, Yanmaz R (2005) Promising kale (Brassica oleracea var acephala)
populations from Black Sea region Turkey. N Zealand J Crop Horticult Sci 33: 1-7.

Adiloglu S, Eryilmaz AF, Adiloglu A (2015) Artan dozlarda azot uygulamasinin
mibuna (Brassica rapa var Nipposinica) ve mizuna (Brassica rapa var Japonica)
bitkilerinin bazi agronomik ozellikleri, C vitamini, protein ve mineral madde miktari
uzerine etkisi. Journal of Agricultural Faculty of Uludag University 29: 1-11.

Makino T (1912) Observations on the flora of Japan. Botanical Magazine of
Tokyo. 23: 93-102.

Hanelt P (1986) Formal and informal classifications of the infraspecific variability
of cultivated plants-advantages and limitations. In: Styles BT (ed.) Infraspecific
Classification of Wild and Cultivated Plants, pp: 139-156.

Dixon GR (2007) Vegetable Brassicas and Related Crucifers. CAB International
North American Office, 875 Massachusetts Avenue, 7th Floor, Cambridge,
USA, p: 327.

Larkcom J (2007) Oriental vegetables. Frances Lincoln Ltd. London, UK.

Opena RT, Kuo CG, Yoon JY (1988) Breeding and seed production of Chinese
cabbage in the tropics and subtropics. AVRDC, Shanhua, Tairan, Tech Bull.
17:92.

10. Artemyeva AM, Solovyeva AE (2006) Quality Evaluation Of Some Cultivar

Types Of Leafy Brassica Rapa. Acta Horticulturae 706: 121-128.

11. King G, Barker G (2003) Pak choi en son hali.

12. Kacar B, Inal A (2008) Plant analysis. Ankara, Turkey, Nobel Press.

13. Kalisz A, Sekara A, Gil J, Grabowska A, Cebula A (2013) Effect of Growing

Period and Cultivar on the Yield and Biological Value of Brassica rapa var
Narinosa. Not Bot Horti Agrobo 41: 546-552

14. Anonymous (1996) CIE Lab Color Scale. Application Note-Insight on Color,

Hunter Lab 8: 1-4.

15. Jones BJ, Wolf B, Mills HA (1991) Plant Analysis Handbook. Micro-Macro

Publishing, USA.

2

=

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

. Duzgunes O, Kesici T, Kavuncu O, Gurbuz F (1987) The methods of research

and experiment methods (Statistic Methods Il). Ankara University Agric Fac
Publ, p: 1021.

.Maynard DN, Barker AV, Minotti PL, Peck NH (1976) Nitrate accumulation in

vegetables. Advances in Agronomy. 28: 71-118.

. Barillari J, Cervellati R, Costa S, Guerra MC, Speroni E, (2006) Antioxidant and

choleretic properties of Raphanus sativus L sprout (Kaiware Daikon) extract.
Journal of Agricultural and Food Chemistry 54: 9773-9778.

.Cengel M, Okur N, Irmak YF (2009) Organik bag topraklarinda yesil gubre

bitkileri ve ciftlik glibresi uygulamalarinin topraktaki mikrobiyal aktiviteye etkileri.
Ege Univ Ziraat Fak Derg 46: 25-31.

. Siomos AS (1999) Planting date and within-row plant sparing effects on pak

choi yield and quality characteristics. J Veg Crop Prod 4: 65-73.

. Kalisz A, Siwek P, Cebula S (2006) Ocena wzrostu i sktadu chemicznego

rozsady kapusty pekinskiej (Brassica pekinensis Rupr.) w zaleznosci od
metody hartowania i terminu produkcji. Folia Hort Supl 1: 200-206.

Kalisz A (2010) Optymalizacja jako$ci rozsady a plonowanie kapusty pekinskiej
(Brassica pekinensis Rupr.) oraz wybrane elementy modelowania rozwoju
roslin. Zesz Nauk UR w Krakowie, 465: 1-121.

Kalisz A, Cebula S, Siwek P, Sekara A, Grabowska A, (2014) Effects of Row
Covers Using Non-woven Fleece on the Yields Rate of Bolting, and Quality of
Heading Chinese Cabbage in Early Spring Cultivation. J Japan Soc Hort Sci
83: 133-141.

Acikgoz FE (2012) Determination of yield and some plant characteristics with
vitamin C, protein and mineral material content in mibuna (Brassica rapa var
nipposinica) and mizuna (Brassica rapa var japonica) grown in fall and spring
sowing times. Journal of Tekirdag Agr Fac 9: 64-70.

Kaluzewicz A, Krzesinski W, Knaflewski M (2009) Effect of temperature on the
yield and quality of broccoli heads. Veg Crops Res Bull 71: 51-58.

Acikgoz FE (2011) Influence of different sowing times on mineral composition
and vitamin C of some broccoli (Brassica oleracea var italica) cultivars. Sci Res
Essays 6: 760-765.

Tendaj M, Sawicki K (2012) The effect of the method and time of seedling
production on red cabbage (Brassica oleracea L ssp oleracea convar capitata
(L) Alef var capitata L f rubra DC) yield. Acta Agrobot 65: 115-122.

Cebula S, Kalisz A (1997) Value of different cauliflower cultivars for autumn
production in a submontane region as depending upon the planting time. Yields
and pattern of cropping. Folia Hort. 9: 3-12.

Mirecki N (2006) Influence of the planting dates on chemical composition and
yield of Brussels sprouts. Acta Agric Serb 21: 53-61.

Kalisz A, Kostrzewa J, Sekara A, Grabowska A, Cebula S (2013) Yield and
nutritional quality of several non-heading Chinese cabbage (Brassica rapa var
Chinensis) cultivars with different growing period and its modeling. Korean
Journal of Horticultural Science and Technology 30: 650-656.

Artemyeva AM, Solovyeva AE (2006) Quality Evaluation Of Some Cultivar
Types Of Leafy Brassica Rapa. Acta Horticulturae 706: 121-128.

Hara T, Sonoda Y (1982) Cabbage-head development as affected by nitrogen
and temperature. Soil Sci Plant Nutr 28: 109-117.

Rosa E, Heaney R (1996) Seasonal variation in protein, mineral and
glucosinolate composition of Portuguese cabbages and kale. Animal Feed
Science Tecnology 57: 111-127.

Lee SK, Kader AA (2000) Preharvest and postharvest factors influencing
vitamin C content of horticultural crops. Postharvest Biology and Technology
20: 207-220.

Shinohara Y, Suzuki Y (1981) Effects of light and nutritional conditions on the
ascorbic acid content of lettuce. J Japan Soc Hort Sci 50: 239-246.

Weston LA, Barth MM (1997) Preharvest factors affecting postharvest quality of
vegetables. HortScience 32: 812-816.

Tamura A (2004) Effect of air temperature on the content of sugar and vitamin
C of spinach and komatsuna. Hort Res 3: 187-190.

Gruda N (2005) Impact of environmental factors on product quality of
greenhouse vegetables for fresh consumption. Critical Reviews in Plant
Sciences 24: 227-247.

Adv Crop Sci Tech, an open access journal
ISSN: 2329-8863

Volume 4 « Issue 4 + 1000233


http://www.sciencedirect.com/science/article/pii/S0022407304004042
http://www.sciencedirect.com/science/article/pii/S0022407304004042
http://www.sciencedirect.com/science/article/pii/S0022407304004042
http://www.sciencedirect.com/science/article/pii/S0022407304004042
http://www.tandfonline.com/doi/abs/10.1080/01140671.2005.9514324
http://www.tandfonline.com/doi/abs/10.1080/01140671.2005.9514324
http://dergipark.ulakbim.gov.tr/ziraatuludag/article/view/5000186510/0
http://dergipark.ulakbim.gov.tr/ziraatuludag/article/view/5000186510/0
http://dergipark.ulakbim.gov.tr/ziraatuludag/article/view/5000186510/0
http://dergipark.ulakbim.gov.tr/ziraatuludag/article/view/5000186510/0
https://archive.org/details/observationsonfl05maki
https://archive.org/details/observationsonfl05maki
http://agris.fao.org/agris-search/search.do?recordID=US201301432378
http://agris.fao.org/agris-search/search.do?recordID=US201301432378
http://agris.fao.org/agris-search/search.do?recordID=US201301432378
https://books.google.co.in/books?hl=en&lr=&id=eR5-NpnIZWsC&oi=fnd&pg=PR5&dq=Vegetable+Brassicas+and+Related+Crucifers&ots=nYYNvowDIv&sig=Zq9jVnF3FNM8MfpBkYFSpApYgmo#v=onepage&q=Vegetable Brassicas and Related Crucifers&f=false
https://books.google.co.in/books?hl=en&lr=&id=eR5-NpnIZWsC&oi=fnd&pg=PR5&dq=Vegetable+Brassicas+and+Related+Crucifers&ots=nYYNvowDIv&sig=Zq9jVnF3FNM8MfpBkYFSpApYgmo#v=onepage&q=Vegetable Brassicas and Related Crucifers&f=false
https://books.google.co.in/books?hl=en&lr=&id=eR5-NpnIZWsC&oi=fnd&pg=PR5&dq=Vegetable+Brassicas+and+Related+Crucifers&ots=nYYNvowDIv&sig=Zq9jVnF3FNM8MfpBkYFSpApYgmo#v=onepage&q=Vegetable Brassicas and Related Crucifers&f=false
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=1615448&fileId=S0014479700015210
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=1615448&fileId=S0014479700015210
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=1615448&fileId=S0014479700015210
http://gw-vir.nw.ru/biohim/Solovyeva_2006.pdf
http://gw-vir.nw.ru/biohim/Solovyeva_2006.pdf
http://search.proquest.com/openview/be1de5fc306042caec825ed03fd5fe44/1?pq-origsite=gscholar
http://search.proquest.com/openview/be1de5fc306042caec825ed03fd5fe44/1?pq-origsite=gscholar
http://search.proquest.com/openview/be1de5fc306042caec825ed03fd5fe44/1?pq-origsite=gscholar
http://www.sciencedirect.com/science/article/pii/S0022474X10000275
http://www.sciencedirect.com/science/article/pii/S0022474X10000275
https://books.google.co.in/books?id=uYnZ2623GQ8C&pg=PA148&lpg=PA148&dq=Micro-Macro+Publishing,+USA&source=bl&ots=V8-bilZYME&sig=OMLVxeevtOepZnDu-cebRjmGznE&hl=en&sa=X&ved=0ahUKEwjfn8Wl7afOAhXCv48KHX3VASMQ6AEINTAE#v=onepage&q=Micro-Macro Publishing%2C USA&f=false
https://books.google.co.in/books?id=uYnZ2623GQ8C&pg=PA148&lpg=PA148&dq=Micro-Macro+Publishing,+USA&source=bl&ots=V8-bilZYME&sig=OMLVxeevtOepZnDu-cebRjmGznE&hl=en&sa=X&ved=0ahUKEwjfn8Wl7afOAhXCv48KHX3VASMQ6AEINTAE#v=onepage&q=Micro-Macro Publishing%2C USA&f=false
http://www.sciencedirect.com/science/article/pii/S0065211308605532
http://www.sciencedirect.com/science/article/pii/S0065211308605532
http://pubs.acs.org/doi/abs/10.1021/jf061838u
http://pubs.acs.org/doi/abs/10.1021/jf061838u
http://pubs.acs.org/doi/abs/10.1021/jf061838u
https://www.infona.pl/resource/bwmeta1.element.agro-09941454-aefa-40b9-83de-c8a7cef6749b
https://www.infona.pl/resource/bwmeta1.element.agro-09941454-aefa-40b9-83de-c8a7cef6749b
https://www.infona.pl/resource/bwmeta1.element.agro-09941454-aefa-40b9-83de-c8a7cef6749b
https://books.google.co.in/books/about/Optymalizacja_jako%C5%9Bci_rozsady_a_plonowa.html?id=Ya4YtwAACAAJ&redir_esc=y
https://books.google.co.in/books/about/Optymalizacja_jako%C5%9Bci_rozsady_a_plonowa.html?id=Ya4YtwAACAAJ&redir_esc=y
https://books.google.co.in/books/about/Optymalizacja_jako%C5%9Bci_rozsady_a_plonowa.html?id=Ya4YtwAACAAJ&redir_esc=y
https://www.researchgate.net/profile/Andrzej_Kalisz/publication/262071430_Effects_of_Row_Covers_Using_Non-woven_Fleece_on_the_Yields_Rate_of_Bolting_and_Quality_of_Heading_Chinese_Cabbage_in_Early_Spring_Cultivation/links/00b495369d6d30ed1a000000.pdf
https://www.researchgate.net/profile/Andrzej_Kalisz/publication/262071430_Effects_of_Row_Covers_Using_Non-woven_Fleece_on_the_Yields_Rate_of_Bolting_and_Quality_of_Heading_Chinese_Cabbage_in_Early_Spring_Cultivation/links/00b495369d6d30ed1a000000.pdf
https://www.researchgate.net/profile/Andrzej_Kalisz/publication/262071430_Effects_of_Row_Covers_Using_Non-woven_Fleece_on_the_Yields_Rate_of_Bolting_and_Quality_of_Heading_Chinese_Cabbage_in_Early_Spring_Cultivation/links/00b495369d6d30ed1a000000.pdf
https://www.researchgate.net/profile/Andrzej_Kalisz/publication/262071430_Effects_of_Row_Covers_Using_Non-woven_Fleece_on_the_Yields_Rate_of_Bolting_and_Quality_of_Heading_Chinese_Cabbage_in_Early_Spring_Cultivation/links/00b495369d6d30ed1a000000.pdf
http://agris.fao.org/agris-search/search.do?recordID=TR2013000387
http://agris.fao.org/agris-search/search.do?recordID=TR2013000387
http://agris.fao.org/agris-search/search.do?recordID=TR2013000387
http://agris.fao.org/agris-search/search.do?recordID=TR2013000387
http://www.degruyter.com/view/j/vcrb.2009.71.issue--1/v10032-009-0026-7/v10032-009-0026-7.xml
http://www.degruyter.com/view/j/vcrb.2009.71.issue--1/v10032-009-0026-7/v10032-009-0026-7.xml
http://www.academicjournals.org/journal/SRE/article-abstract/89669A823307
http://www.academicjournals.org/journal/SRE/article-abstract/89669A823307
http://www.academicjournals.org/journal/SRE/article-abstract/89669A823307
http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.agro-ccebdae8-0a64-4e8c-8872-ba39f8d9760f
http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.agro-ccebdae8-0a64-4e8c-8872-ba39f8d9760f
http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.agro-ccebdae8-0a64-4e8c-8872-ba39f8d9760f
http://agris.fao.org/agris-search/search.do?recordID=PL1998000360
http://agris.fao.org/agris-search/search.do?recordID=PL1998000360
http://agris.fao.org/agris-search/search.do?recordID=PL1998000360
http://scindeks.ceon.rs/article.aspx?artid=0354-95420621053M
http://scindeks.ceon.rs/article.aspx?artid=0354-95420621053M
https://www.researchgate.net/profile/Andrzej_Kalisz/publication/259609675_Yield_and_Nutritional_Quality_of_Several_Non-heading_Chinese_Cabbage_(Brassica_rapa_var._chinensis)_Cultivars_with_Different_Growing_Period_and_Its_Modelling/links/02e7e52ce531903798000000.pdf
https://www.researchgate.net/profile/Andrzej_Kalisz/publication/259609675_Yield_and_Nutritional_Quality_of_Several_Non-heading_Chinese_Cabbage_(Brassica_rapa_var._chinensis)_Cultivars_with_Different_Growing_Period_and_Its_Modelling/links/02e7e52ce531903798000000.pdf
https://www.researchgate.net/profile/Andrzej_Kalisz/publication/259609675_Yield_and_Nutritional_Quality_of_Several_Non-heading_Chinese_Cabbage_(Brassica_rapa_var._chinensis)_Cultivars_with_Different_Growing_Period_and_Its_Modelling/links/02e7e52ce531903798000000.pdf
https://www.researchgate.net/profile/Andrzej_Kalisz/publication/259609675_Yield_and_Nutritional_Quality_of_Several_Non-heading_Chinese_Cabbage_(Brassica_rapa_var._chinensis)_Cultivars_with_Different_Growing_Period_and_Its_Modelling/links/02e7e52ce531903798000000.pdf
http://gw-vir.nw.ru/biohim/Solovyeva_2006.pdf
http://gw-vir.nw.ru/biohim/Solovyeva_2006.pdf
http://www.tandfonline.com/doi/abs/10.1080/00380768.1982.10432376
http://www.tandfonline.com/doi/abs/10.1080/00380768.1982.10432376
http://www.sciencedirect.com/science/article/pii/0377840195008411
http://www.sciencedirect.com/science/article/pii/0377840195008411
http://www.sciencedirect.com/science/article/pii/0377840195008411
http://www.sciencedirect.com/science/article/pii/S0925521400001332
http://www.sciencedirect.com/science/article/pii/S0925521400001332
http://www.sciencedirect.com/science/article/pii/S0925521400001332
http://agris.fao.org/agris-search/search.do?recordID=JP8201836
http://agris.fao.org/agris-search/search.do?recordID=JP8201836
http://hortsci.ashspublications.org/content/32/5/812.full.pdf
http://hortsci.ashspublications.org/content/32/5/812.full.pdf
http://agris.fao.org/agris-search/search.do?recordID=JP2005001549
http://agris.fao.org/agris-search/search.do?recordID=JP2005001549
http://www.tandfonline.com/doi/abs/10.1080/07352680591008628
http://www.tandfonline.com/doi/abs/10.1080/07352680591008628
http://www.tandfonline.com/doi/abs/10.1080/07352680591008628

Citation: Acikgoz FE (2016) Seasonal Variations on Quality Parameters of Pak Choi (Brassica rapa L. subsp. chinensis L.). Adv Crop Sci Tech 4:
233. doi:10.4172/2329-8863.1000233

Page 5 of 5

39. Fallovo C, Rouphael Y, Rea E, Battistelli A, Colla G (2009) Nutrient solution 42. Gent MPN (2002) Growth and composition of salad greens as affected by

concentration and season affect yield and quality of lactuca sativa L. var. organic compared to nitrate fertilizer and by environment in high tunnels.
acephala in floating raft culture. Journal of the science of food and agriculture Journal of Plant Nutrition 25: 981-998.
89: 1682-1689. 43. Jones BJ, Wolf B, Mills HA (1991) Plant Analysis Handbook. Micro Macro

40. Gent MPN (1991) High tunnels extend tomato and pepper production in Publishing, USA.

Connecticut. Connecticut Agricultural Exp Station Bull 893: 1-16. 44. Wells OS (1996) Row cover and high tunnel growing system in The United

. . States. HortTechnology 6: 172-176.
41. Ali MB, Khandaker L, Oba S (2010) Changes in pigments total polyphenol

antioxidant activity and color parameters of red and green edible amaranth 45.Singh J, Upadhyay AK, Bahadur A, Singh KP (2004) Dietary antioxidant and
leaves under different shade levels. Journal of Food Agriculture & Environment minerals in crucifers. Journal of Vegetable Crop Production 10: 33-38.

8:217-222. 46. Caruso G, Villari A, Villari G (2004) Quality characteristics of Fragaria vesca L.
fruits influenced by NFT solution EC and shading. Acta Horticulturae 648: 167-174.

Submit your next manuscript and get advantages of OMICS
Group submissions

Unique features:

Increased global visibility of articles through worldwide distribution and indexing
Showcasing recent research output in a timely and updated manner
¢ Special issues on the current trends of scientific research

Special features:

¢ 700+ Open Access Journals

. 50,000+ Editorial team

. Rapid review process
Quality and quick editorial, review and publication processing
Indexing at major indexing services

¢ Sharing Option: Social Networking Enabled
Citation: Acikgoz FE (2016) Seasonal Variations on Quality Parameters of +  Authors, Reviewers and Editors rewarded with online Scientific Credits
Pak Choi (Brassica rapa L. subsp. chinensis L.). Adv Crop Sci Tech 4: 233. * Better discount for your subsequent articles
doi:10.4172/2329-8863.1000233 Submit your manuscript at: http://www.omicsonline.org/submission/

Adv Crop Sci Tech, an open access journal
ISSN: 2329-8863 Volume 4 « Issue 4 + 1000233


http://onlinelibrary.wiley.com/doi/10.1002/jsfa.3641/full
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.3641/full
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.3641/full
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.3641/full
http://agris.fao.org/agris-search/search.do?recordID=US201301745730
http://agris.fao.org/agris-search/search.do?recordID=US201301745730
http://world-food.net/download/journals/2010-issue_3_4/37.pdf
http://world-food.net/download/journals/2010-issue_3_4/37.pdf
http://world-food.net/download/journals/2010-issue_3_4/37.pdf
http://world-food.net/download/journals/2010-issue_3_4/37.pdf
http://www.tandfonline.com/doi/abs/10.1081/PLN-120003933
http://www.tandfonline.com/doi/abs/10.1081/PLN-120003933
http://www.tandfonline.com/doi/abs/10.1081/PLN-120003933
http://horttech.ashspublications.org/content/6/3/172.short
http://horttech.ashspublications.org/content/6/3/172.short
http://www.tandfonline.com/doi/abs/10.1300/J068v10n02_04
http://www.tandfonline.com/doi/abs/10.1300/J068v10n02_04
http://www.actahort.org/books/648/648_20.htm
http://www.actahort.org/books/648/648_20.htm

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Morphological features 
	Dry matter 
	Yield
	Determination of color parameters 
	Ascorbic acid 
	Total protein 
	Mineral contents 
	Statistical analysis 

	Results and Discussion 
	Morphological features 
	Yield
	Dry matter  
	Total protein 
	Ascorbic acid 
	Color parameters 

	Conclusions
	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	References

