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ABSTRACT

Two field experiments were conducted during 2014 and 2015 summer seasons in the experimental farm of the Faculty of
Agriculture at Moshtohor, Benha University to study the effects of spraying cabbage plants (Brassica oleracea var. capitata) cv.
Balady with mineral nutrients i.e., potassium (K,0) at 2g/l, chelated calcium (Ca) at 2g/l, micronic sulphur (S) at 5g/l, boric acid
at 100mg/l and antioxidants salicylic acid (SA) at 50mg/l, citric acid at 2g/l and amino acids at 2ml/I all of these materials are
dissolved before spraying either in normal water (30+1) or in cold water (4+1). Growth and head production including some
quality characteristics were investigated. The obtained results revealed that cold water showed positive and significant effect in
case of non- consumable outer leaves and those inner and consumable ones as well as the fresh weight of formed heads. As for
the interaction effects of nutrients and the antioxidants dominantly were significantly and positively affects different estimated
growth and productivity aspects. Also, results confirmed the beneficial effects of applying such low costs treatments to minimize
different disorders those facing cabbage production in high temperature summer plantings. These beneficial effects of such
applied treatments were prolonged to the quality characteristic of formed heads with high and rich edible value.
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INTRODUCTION

Cabbage (Brassica oleracea var. capitata) is a
popular vegetable through the world because of its
adaptability to a wide range of climatic conditions and
soil, ease of production and storage, and its food value.
In Egypt, cabbage is grown country-wide, but
production is more concentrated in the Delta and the
north regions. According to the recorded data obtained
from the Department of Agricultural Economics and
Statistics, Ministry of  Agriculture and land
Reclamation, Egypt, the cultivated area of cabbage in
2013-2014 reached about 40965 fed. which yielded
515,749 tons with an average of about 12.59t/fed. A
rosette of sessile leaves arises as the growing point
continues to form leaf primordial. The outer leaves are
green in color and the inner ones are white and represent
the edible, consumable and the economic part of the
plant.

As the plant grows, the leaves increase in
number, forming a ball-shaped "head" in the center of
the plant formed by overlapping of numerous leaves
developing over the growing point of its shortened stem.
Botanically, when cabbage plants go through irregular
growth periods as well as in high temperature and/or
calcium deficiency, the leaves especially the newest
ones in the center tends to grow vegetatively without
overlapping or even the plants form bolts (Ghosh and
Madhavi, 1998). In this respect, temperature over 23C°
can induce "bolting” in cabbage (www.aces.edu) but
varieties differ in their susceptibility to this disorder.
Bolting is the process in which the plant switches from
vegetative growth (heading) to reproductive growth
(formation of flowers and seeds). So, in Egypt under the
prevailing of high temperature especially during spring,
summer and fall season plantings; bolting as well as the
continuity of leaves to form without they being
overlapped are the evident disorders for cabbage
production in Egypt during the high temperature
plantations. In general, most soils are rich in calcium, so

plants have access to plenty of this nutrient. However,
when plants go through irregular growth periods,
calcium is not adequately transported to younger inner
leaves and this causes the leaf edges "to burn” or turn
brown (Smith, 1995 and Tiwari et al. 2003), therefore
chelated calcium was also applied as one of the present
study materials.

Elemental sulfur (S) is a natural material and can
be applied to improve availability of nutrients and
decline their deficiencies in calcareous and alkaline
soils (Hunashikatti et al,.2000 ). Sulphur has a vital role
in activation of photosynthesis process, carbohydrate
metabolism and certain enzyme systems in plants, and
can enhance growth, yield and chemical compoition
(Yadav et al., 2013). Also, sulphur contributes to the
cooking smell of cabbage (Smith, 1995). In this respect,
sulphur as well as potassium have been reported to
economically affect positively growth, yield and quality
of cabbage by several studies (Eid, 2011 and Ramadan,
2012). In addition, recently salicylic acid as one of the
common antioxidants inserted to many agricultural
systems have been recorded to stimulate growth and
productivity of cabbage as well as many other plants. In
this respect, e.g. Sunaina and Singh (2014) and Igbal et
al., (2015) reported that salicylic acid significantly
increased the antioxidant enzymes under salinity due to
oxidative damage but the graded concentrations of SA
played protective role against the plant stress.

Boron (B) is one of the important micronutrients,
which has basic role in stabilizing certain constituents of
cell walls structure and function and activity of plasma
membrane, enhancement of cell division, tissue
differentiation. Thus, boron could be directly associated
with cell growth (Goldbach et al., 1990). Also, boron
has been involved in metabolism of nucleic acid,
carbohydrate, protein, auxin and phenol. Moreover,
boron has been role in sugar translocation, nucleic acids
synthesis and pollen tube growth. Also, Boron plays a
key role in higher plants by facilitating the short - and
long- distance transport of sugar via the formation of
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borate- sugar complexes (Marschner, 1997; Goldbach
and Wimmer, 2007 and Ganie et al., 2013). In addition,
Ganie et al. (2013) reported that application of boron
increased net photosynthetic rate which may be attributed
to the increase in chlorophylls content of leaves.

Recently, a group of substances known as
antioxidants or oxygen free radical scavengers were
applied to protect against adverse effects of
environment, reactive oxygen spices (ROS) and
oxidative stress such as ascorbic acid, citric acid, o
tocopherol and vitamins (Chen and Gallie, 2006). On
the other hand, antioxidants are one of the new methods
enhanced plant growth and development, increased
photosynthetic pigments thereby increased chlorophyll
and productivity as well.

Amino acids have traditionally been considered
as precursors and constituents of proteins. Many amino
acids also act as precursors of other nitrogen containing
compounds, e.g., nucleic acids. Amino acids can play
wide roles in plants including acting as regulatory and
signaling molecules. Amino acids also affect synthesis
and activity of some enzymes, gene expression, and
redox homeostasis (Rai, 2002). Many studies have
reported that foliar application of amino acids caused an
increase in the growth and development of plants.

Hence, the present study aimed to accelerate
headings in cabbage plants during periods of high
temperature fluctuation by using simple and low cost
foliar spraying with certain nutrients, antioxidants and

amino acids dissolved in either normal or cold water.
That is a simple idea and technique to minimize or
prevent bolting, head splitting in mature cabbage and
make heads well overlapped with good quality.

MATERIALS AND METHODS

Two field experiments were carried out during
the two successive summer seasons of 2014 and 2015 at
the vegetable farm of the Faculty of Agriculture,
Moshtohor, Benha University, to investigate the effects
of spraying cabbage plants cv. Balady with potassium
oxide (K,0), chelated calcium, micronic sulphur, boric
acid, salicylic acid, citric acid and amino acids dissolved
in cold water (4+1) °C or normal water (30+1) °C on
vegetative growth, chemical composition and yield. In
this respect, cabbage seeds were sown on 1% and 5" of
April in both seasons, respectively. Uniform transplants
were obtained after 45 days from seeds sowing in both
seasons. Transplants were planted at 40cm apart on one
side of ridge, 80 cm in width. The experimental plot
consisted of 4 rows each 4m long and 0.8 m wide with
an area of about 11.8m?, a guard ridge was left between
each adjacent plot. The soil of the experimental farm
was clay loam in texture with pH 7.9 according to
Jackson (1973) and Black et al. (1982) Soil mechanical
and chemical analyses are shown in Table a wlile Table
b showed the air temperature in Qalubia region during
the two seasons of study.

Table a. Mechanical and chemical analyses of the experimental soil as an average of the two seasons of study.

Physical analysis

Chemical analysis

Cations meqg/I Anions meqg/|

Coarse sand 7.14% Ca™" 7.26 CO;” Zero
Fine sand 17.26% Mg 3.02 HCO3 4.14
Silt 23.20% Na* 5.36 cr 4.81
Clay 52.40% K* 0.83 SO~ 7.52
Texture class clay loam

Soil pH 7.83 Available N 21.3 mg/kg

E.C, dS/m 1.65 Available P 8.43 mg/kg

Organic matter 2.16% Available K 117.4 mg/kg

Table b: Monthly air temperature in Qalubia region during two seasons of the experimental.

First season 2014

Second season 2016

Months Max °C Min °C Average °C Max °C Min °C Average °C
April 38 10.8 20.9 29.5 6.2 17.3
May 44.1 16.5 25.7 40.8 11.5 24.6
June 39.9 18.7 27.1 39 18.6 28
July 40.8 21.8 29.3 38.1 17.8 26.6
August 43.9 23.9 313 37.7 174 27.4
September 39.3 22.2 30.2 38.4 17.7 27.8

Each experiment included 16 treatments resulted
from the combinations of two spray method and eight
spray substances as follows.

a. Spray method treatments:

1. Spray with cold water.  2-Spray with normal water.
b. spraying substances:

1-Potassium oxide (K,0) at 2g/I.

2- Chelated calcium at 29/l

3 Micronic sulphur at 5g/1.

4- Boric acid at 100 mg/I

5-Salicylic acid at 50 mg/I. 6- Citric acid at 2g/l.
7- Amino acid at 2ml/l. 8- Control.

Where the abovementioned eight substances were
dissolved either in or in cold water at 4+1C° or normal
water 30+1C° just before spraying in the two seasons. In
this  experiment, randomized complete  block
design(RCBD) with three replicates was adopted. The
spray treatments were started after 30 days from
transplanting and every 15™ days by intervals to the end of

434



J. Plant Production, Mansoura Univ., Vol. 7 (4), April, 2016

the experiment (i.e., normal and cold waters were sprayed

five times for each).

All other agricultural practices required for cabbage
production were carried out according to the
recommendations of the Ministry of Agriculture of Egypt.
Data recorded:

1. Vegetative growth characteristics.

Random representative samples, each of five
plants were taken from each experimental plot at
harvesting stage (110 days after transplanting). Plants
were separated into stem and leaves to determine the
following characteristics:
a.plant height, stem length, number of outer leaves,

number of inner leaves/plant

b- Chemical constituents of plant leaves: - total
chlorophyll (SPAD) were determined according to Hoel
and Solhaug (1998), total carbohydrates% were
determined according to Herbert et al. (1971), total
sugars%, and vitamin C were determined
calorimetrically as described in A. O. A. C. (1990).
While, total N, P, K, Ca, S percentages and B ppm were
determined according to Pregl (1945), John (1970) and
Brown and Lilleland (1946), Rowell (1995) in case of
N, P, K and Ca, respectively while, S and B contents
were determined by atomic absorption as described by
Chapman and Paratt (1961).

C. yield and head characteristics: at harvest time, all
plants reached to harvesting stage were taken and the
following parameters were recorded i.e., head fresh
weight, stem fresh weight, plant fresh weight, head
length, diameter and circumference.

Statistical analysis:

All data obtained in both seasons of study were
subjected to analysis of variance as factorial
experiments in complete randomized block. L.S.D.
method was used to differentiate means according to
Snedecor and Cochran (1991).

RESULTS AND DISCUSSION

1-Vegetative growth parameters:

Data in Table (1) clearly indicate that each of
plant height and stem length responded insignificantly
with applying the cold water treatment when compared
with the normal water (control). Since, insignificant
increases of these two parameters were recorded in
cabbage plants with the low temperature (i.e., cold
water treatment). In this respect, values were 69.05,
73.03 and 20.45, 22.12 cm with normal water spraying
but rose up to 69.41,73.59 and 20.75, 22.65 cm with
cold water spraying for plant height and stem length, in
the first and second seasons, respectively. The same
data in Table 1 indicate that spraying cabbage plants
five times during the growth seasons with nutrient
elements (K,O at 2g/l, micronic sulphur at 5g/l, calcium
at 2g/l, boric acid at 100mg/l and antioxidants i.e.,
salicylic acid at 5mg/l, citric acid at 2g/l and amino
acids at 2ml/l) significantly increased both plant height
and stem length compared with the control in both
seasons of study. In addition, amino acids exhibited the
highest values followed by salicylic acid, potassium
oxide and calcium in descending order during the two

seasons of study. The superiority of amino acids,
salicylic acid, potassium oxide and calcium may be
attributed to its affect on auxin biosynthesis, protecting
the plant against abiotic stress and the main role of
nutrient elements (K, Ca) all affect cell division and
elongation and consequently the continues growth of
plant stem in length and thickness which connected with
stem weight and leaves formation.

Also, data in Table (1) confirmed the positive
effect of cold water when combined with the
antioxidants (i.e., salicylic and citric acids), potassium,
calcium, micronic sulphur, boric acid and amino acids
regarding the above mentioned two growth parameters
of cabbage plants. Also, it could be noticed that the
amino acids sprayed in cold water gave the highest
values of plant height and stem length (i.e., 73.80,81.70
and 25.40,28.20 cm for plant height and stem length,
respectively), yet, citric acid at 2g/l gave the lowest
values for plant height and stem length, respectively. As
for the number of outer leaves (i.e., the complete
greenish leaves) and the number of inner leaves (i.e., the
greenless leaves) it could be noticed that the repeat
subjection of cabbage plants through spraying with low
temperature water directly after the transplanting
significantly decreased the number of outer leaves (i.e.,
the green ones but significantly increased the number of
inner leaves i.e., the greenless leaves (the edible and
consumable leaves). Since, values of the number of
outer green leaves were 11.28 and 12.13with normal
water meanwhile it was decreased to 10.40 and
11.31with repeated cold water treatment. But, the
number of consumable greenless leaves (i.e., the inner
edible leaves) were 22.95and 24.3 with normal water
rose up to reach 24.31and 25.6 with repeated cold water
treatment in the first and second seasons, respectively.
Also, the same data in Table 1 reveal that spraying
cabbage plants with all tested spraying materials
(antioxidants and nutrient elements) significantly
decrease the outer leaves (non-consumable leaves). On
contrast it significantly increased the inner leaves (the
edible part) compared with the control treatment in both
seasons of study. In addition, using amino acids
reflected the highest values for inner leaves followed by
salicylic acid and potassium oxide and calcium.
Increasing in inner leaves was connected the slow
continuous increase in stem length as a result of
terminal bud development and growth as a result of
auxin bio-synthesis and in turn increased interior leave
and head growth.

On the other hand, the cold water in combination
with antioxidants as well as with other applied
chemicals i.e., potassium, micronic sulphur and amino
acids significantly decreased the number of non-
consumable green outer leaves. In general, there was a
positive interaction effect between cold water in the two
seasons and the desirable characteristics of grown
cabbage leaves especially the greenless and good white
curled inner leaves as compared with normal water in
combination with spray substances. Also, the specific
effect of the applied treatments is being evident.
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Table 1: Effect of spray method and some nutrients, antioxidants, amino acids and their interaction on
vegetative characteristics of cabbage plants grown in summer season during 2014 and 2015

seasons.
Treatments Frist season 2014 Second season 2015
Plant Stem No.of No.of Plant Stem No.of No.of
Treatment Spray height length outer inner height  length outer inner
(cm) (cm) leaves leaves (cm) (cm)) leaves leaves
Cold water 69.41 Y.vo T Yiry Yy o4 YY 1o ERA Yo 1
Normal water 69.05 Y. g0 11.28 Yv.40 AANER1 YYOY YYY Yey
LSD at 5% N.S N.S Y VoA N.S N.S <A Voot
K,0 at 29/l vy Y Yy v ARE Y¢ 4o viyo Yy 6 YY) Ve Yo V¥
Caat 2g/l V.o YY.. Y ERA YEXY VY as XY £V Y140 Y1..0
micronic sulphur at 5g/1 TATY 14.¢X 4.9A YY) Ve Y. Voo Yv.Y
Boric acid at 100 mg/I v YY Yooo¥ A Yv.e. ACRE YY. ey V1.ge Yev
SA at 50 mg/l VY. AY YY. £V A Y10 YA oY Y& Vo AR YVY
Citric acid at 2g/I T4 .9A YAV 9.1y Yoy 14 g0 AR YooY Yy.4
Amino acids at 2ml/I VeV Y¢de YYoY AR AV Y Yv.ie YY.A0 A
Control T YA Vo oo q.¢) YA Y Y A V. 4y q.40 Y. 00
LSD at 5% Y VA VAN Y.¥ YAV Y to Yoy A& Y..q
K,0 at 2g/l VY €Y Yy A AR Yo A AT XYYV D Y1 ¥
Caat 2g/l vy LY. YY.Y. AR YEA NAT YY A e Y10
micronic sulphur at 5g/l A€ AR AR Yv.a VY, o» YAA. AR Yv.Aa
Boric acid at 100 mg/I AARE 14V VoY Yeo AR AR AR Yoy
Cold water SA at 50 mg/l AN YY1, 1.4, Y1V, YA A Yea. AR YAY
Citric acid at 2g/I l0.04 14.Y . AR YoV 1T AR Ve YY.0
Amino acids at 2ml/l VY AL Yo & AARE Y44 AV YA AR A
Control RD 104, . Y41 1A YAY 47, Yy .4
K,0 at 2g/l Ve AY YV EY VYo YiN AR \ARE YY) Yo Vv
Caat 2g/l TR YY) AY YYYY YYv VY. XYY VY.V Yo 1
micronic sulphur at 5g/l TAYY 14.vyY Yoy AR AARE AN AR Yya
Boric acid at 100 mg/I vy Yo Y.ory VY aY YY a. Vo o Yy v VYA Y&y
Normal water SA at 50 mg/l YY Yo YY ¥Y Y Yo ¢ YANY Y&t ts YV
Citric acid at 2g/I AR A% YA Y. Yo VY RS TEY Y4, A RIS YyVY
Amino acids at 2ml/l Vo . Y¢o VY AY YAAY Av A AT VEX. Ya.¢
Control LAY AR q.vY yVAY IV YVAY A Y4y
LSD at 5% YAt A )14 Yol YEy YAy Y 40

2- Head characteristics:

As shown in Table 2, heads fresh weight with the
treatment of cold water was significantly increased
when compared with those heads sprayed with normal
water. Since, this weight was 7.77 and 9.09kg/head with
normal water (30+1°c) but significantly rose up to
8.25and 9.94kg/head in case of cold water (4+1°c)
sprayed in the two seasons. Also, Table 2 shows that
different materials i.e., potassium oxide, chelated
calcium, micronic sulphur, boric acid, salicylic acid,
citric acid and amino acids had positive specific
significant effect upon heads fresh weight as compared
to the control. Here, it could also be noticed that
spraying amino acids at 2ml/l gave the highest increase
of head weight/plant that reached to 10.5l1and
12.54kg/head but the Ilowest increase (6.47and
7.57kg/head) was existed with citric acid treatments in
the first and second seasons, respectively. Meanwhile,
this weight was only 5.87 and 6.83kg/head in case of the
control treatment (i.e., only normal water with no
materials) in the first and second seasons, respectively.
It could be noticed that spraying amino acids at 2ml/l
dissolved in cold water gave the highest fresh

weight/head that reached 10.91 kg/head and this value
was 10.12 kg/head with normal water (30 +1c) in the
first season and 13.12kg/head in case of cold water and
11.94 kg/head in case of normal water in the second
season. With regard to the specific effect of water
temperature of the sprayed solvent water upon stem
fresh weight, only insignificant increase between cold
and normal sprayed water. While, this specific effect
was exhibited significant increase in stem fresh weight
with different applied materials to reach its maximum
with amino acids at 2ml/l that reached to 0.88 and
0.97kg/stem during the first and second season,
respectively. Meanwhile, its lowest significant increase
was existed in case of micronic sulphur at 5g/l that
reached only to 0.62 and 0.77kg/stem in the first season
and second season. In addition, regarding the stems
fresh weight it was significantly and positively
interacted with either cold or even normal sprayed
water. In this respect, amino acids were more
pronounced (gave 0.93 kg/stem with cold water and
0.84 kg/stem with normal water in the first season and
0.96kg in case of cold water and 0.99kg/stem in case of
normal water in the second season). As regards the fresh
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weight/plant, head length, head diameter and head
circumference were significantly increased as a result of
using cold water in spraying compared with normal
water in the two seasons of study. Such increment in all
aforementioned measurements are connected with the
increase in outer and inner produced leaves by plants
(Tablel) which reflected on average head parameters.
As for the effect of spraying materials the same data in
Table 2 indicate that plant fresh weight and head
measurements expressed as average head length,
diameter and circumference were significantly increased

as a result of spraying the plants with all tested spray
materials compared with the control treatments in the
two seasons of study. In this regard, among different
materials were the amino acids at 2ml/l and salicylic
acid at 5mM/I followed by potassium oxide at 29/l were
the most effective treatments compared with other
tested one in both seasons of growth. Such superiority
of these materials on plant fresh weight and head
parameters may be attributed to its effect on vegetative
growth traits (Tablel).

Table 2: Effect of spray method and some nutrients, antioxidants, amino acids and their interaction on head
yield characteristics of cabbage plants grown in summer season during 2014 and 2015 seasons.

Treatments Frist season 2014 Second season 2015
froch froth froan Head Head Head S FOE CAL Head | Head  haad
Treatment  Spray weight weight weight length diameter Circum weight weight weight length  diameter ~circumf
(cm)  (cm) firance (cm)  (cm)  irance
(kg) (kg) (kg) (kg) (ko) (kg)
Cold water AYSe L ¥Y  AAY  YAYT ££YY V.o 44f v AS Ve AL YV AL €449 )1YA
Normal water v.vyY AN AEY YV e EY AT Yee A 909 AL .4y Y. ¥v¢ ¢A Yo AR
LSD at 5% N N.S B Yoot AN VY K N.S o Yook Voo A%
K,0 at 2g/l 3 WYY 4AY Y4)e £1YF V.o Y.eYe .4 V) )e  YYo o) .0 AT A
Caat 2g/l YAY o ¥Y  AGo YA(0 £04  YafY V£ 2 AL NVY. TVo £9.A Yove
micronicsulphura{Sg/l Y.\e Y YYA  Yi,.o v A AAA ANY oYY AAg Y4.¢ £, VYeo £
Boricacidat 100 mg/l V.22 «3T  AYY YV AL ETN O )LTA L A0 LA 481 YA ALY R ER
SA at 50 mg/I 97 v Ay Ve g YoYo  (AY VY44 VY YA LAY Y Y. YYQ oy ¥ VYA
Citric acid at 2g/I TEY O o¥Y O YAA O YEYe YA  4TY VoY ¥4 AYT  YV¢ AA A
Amino acids at 2ml/l  )-.e) AN Y)Y e YYD oY WY A YYeE LAY YooY YV A oAC YYY R
Control SAY  ve) YA YV A YFET AAA L TAY LAY VET Yen AN YA
LSD at 5% CXY o W XYe XAY Y Yt S E NN SRR B Y v
K,0 at 2g/1 37 +¥E 940 YA4 £ VWAF  Yeve wd4Y Y)Y YTy o) ¢ R
Caat 2g/l ANY LYY AAT YA €)Y VTV NG AT LAY )Y Ye o Y Y o) YioA
micronic sulphur at 5g/1 V. 0 ALY YA vy Y E AV Ve q.¢0 Yo X 0.4 YOAY
Boric acid at 100 mg/| V.A1 DN Ao YA © ¢Y. 4 YoV 9 g0 CAY YO YY MY Y EAN YYY.Y
Cold water SA at 50 mg/| A4AE V4 Yoy YA ¢A A Ye vy A4 VY YeA oy ¢ YY)V Y
Citric acid at 2g/I 1A Yo veld Yo &  YAA T AN AT AAE YAY YA Yio X
Amino acids at 2ml/l  -.2) + Ay VY AL YYA o¢ 0 A S WYY + AT Y.+ YAV o4 \Yo v
Control o A4 v o1 1.¢0 YY.¢ Yov vy 1.4Y 4 v Yo\ €4 aA
KZO at29/| .0 v Yo AA. YA€ £y AR AA. A4 ARTR S VA oVyY ARRIA
Caat Zgll V.ot DA A Yo YV.A £0.A VoYY 1.9A v AY Yo Ao YOy ¢4.0 Y4
micronicsulphurath/I 1.4 [ ¥ Yot Yo ¥ £ 4 1.0 vae A A gt YAV 1) VoYY
Boric acid at 100mg/| Y.XYo 14 v.a¢ YV YY YOV A AV A .1 Y4.4 EAE YoV
Normal water SA at 50 mg/| v v AY Yo VA yan ¢A 0 YAAY YO AT + d0 RNV AR oy Y Yoy
Citric acid at Zg/| T A T.VA Ye YAY ay.e Yo% v v.va A [A R 4.
Amino acids at 2ml/l Y-\ Y AL Yo 41 YYY o¢ Y AREZ AR R I ¥4 + .44 yYAay  viA oA ¢ AR
Control o A1 LY 1.yy YV©Y Yy Ao o 1.ve v o1 \ AR Y Yo 4 AV 1
LSD at 5% DR R AR v Y0 ¥.¢ A AN U EY YA Y. £A

As regards the fresh weight/plant (Table 2)
obviously it could be noticed that the specific effect of
cold and normal water and different applied materials as
well as the interactions effect of the applied materials
either sprayed with cold or normal water were
significantly and positively interacted with this aspect of
cabbage growth. Also, it could be noticed that each of
cold water either when sprayed alone or in combination
with different materials were more pronounced in this
respect. In addition, among different materials were the
amino and salicylic acids followed by potassium oxide
were the most effective treatments. Furthermore, as
shown in Table 2 the specific effect of cold water upon

the head length, diameter and circumference as well it
showed significant increase of all these characteristics.
Yet, the same positive specific effect was obtained also
in case of different applied salts and antioxidants. In this
respect, the amino and salicylic acids were the most
effective treatments regarding the all above mentioned
characteristics in 2014 and 2015 seasons, as well. With
regard to the interaction effects of sprayed water
temperature and the applied nutrient salts significant
increases in all studied characteristics with different
applied treatments were existed. But, also it could be
noticed that the amino and salicylic acids were more
pronounced in this respect during the two successive
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seasons of this study. Also, using amino acids followed
by salicylic acid either dissolved in cold or normal
waters reflected the highest values in all measured plant
weight and head parameters compared with other
interaction treatments in the two seasons of growth.
3-Total chlorophylls and some bio constituents

As shown in Table 3 spraying cabbage plants
with cold water (4+1) tended to increase total
chlorophyll content, total sugars and total carbohydrates
percentage as well as vitamin C content of plant leaves
compared with using normal water (30+1) in both
seasons of study. Such increases reached the level of
significant only in case of total carbohydrate percentage
that reached 12.20 and 13.4% in case of cold water as
compared with only 10.81and 11.76% in case of normal
water in the first and second seasons, respectively. Such
enhancing effect of cold water foliar spray may be due
to it reduced the respiration rate of plant tissues and
consumption of such bio-constituents in respiration
under high temperature conditions in summer planation

and consequently increased its accumulation in plant
cells.

As for the specific effect of different nutrients
and antioxidants applied, data in the same Table
indicate that all assayed chemical constituents were
significantly increased as a result of spraying the plants
with all tested nutrients and antioxidants compared with
the control treatment in both seasons of study. In
addition, spraying the plants with amino acids at 2ml/I
reflected the highest values of total chlorophyll during
both seasons, while using boric acid at 100ppm
exhibited the highest value in total sugars. But the
highest values of total carbohydrate was recorded in
case of sprayed the plants with potassium oxide.
Moreover, the highest vitamin C concentration was
registered in case of salicylic acid. Such increases in
chlorophyll and bio-constituents of cabbage leaves as a
result of using the tested nutrients and antioxidants may
be due to such nutrients and antioxidant play an
important role as a constituents or aid in their bio
assimilation and in turn increased it.

Table 3: Effect of spray method and some nutrients antioxidants, amino acids and their interaction on total
chlorophyll and some bio constituents of cabbage plants grown in summer season during 2014 and

2015 seasons

Treatments Frist season 2014 Second season 2015
Total Total Total VitaminC Total Total Total  VitaminC
Treatment spray chlorophyll sugars carbohy (mg/100 chlorophyll sugars carbohy  (mg/100
(SPAD) % drat % gfw) (SPAD) % drat% gf.w)
Cold water ART-I YAy 1YY Yoxe YV ¥ XYY, VY £ Yot
Normal water Yay.a Yo A YEAY YIV.A Y.¥YY Yy v Ye AL
LSD at 5% N.S N.S 0.54 N.S N.S N.S 0.52 N.S
K,0 at 2g/l YV Y v ¥ AT YAY Y.YA VEA YV
Ca at 29/l YA Y AA \Y .0 Yo 00 YvYy Y.¥4 VY. oY Yo
micronic sulphur at 5g/I Yel Yo¥ VY..0 AR Y. AR VeV YD
Boric acid at 100 mg/I Yay Y.eY VY. Ao Yeyv YV Y.o0A Veo YoV
SA at 50 mg/I Y YoYY V.40 £Y Yo YV YorY Yy YY £t
Citric acid at 2g/I Y y.41 A YAA Yoy ).44 Y¥LY A
Amino acids at 2 ml/I YAE YY. 1YV v Yay YEY  YENY \RAS
Control Ye) yvY AAo YAV Ye9 VA4 9.1 YV.Y
LSD at 5% VY £ A Y. 4 Y Vo 1Y Y Y. 0 VY
K,0 at 29/l Yv1 Y.vA Aokt ¥y A YA Yot Yoy YYA
Caat 2g/l YAY y.4Y VYA Yo 4 YV Y€ VY g veA
micronic sulphur at 5g/1 Yio Y. VYUY AR Y Y.y A vey
Boric acid at 100 mg/I Y1 Y. VY. ven YVY Y.ov Vot A
Cold water SA at 50 mgl/l AR¥ Y Yo 1Y A £Y ¢ YVY Y. YY) £Y.Y
Citric acid at 2g/I1 AR ).41 AR ¥4 Yoy AR Ve YA
Amino acids at 2ml/I YAY YYe YUY YV.A Yaq Y.V Yo Yva
Control YeY YA 9.9 Ya. Yo ) Ay 4.9 YA ¢
K,O at 2g/I Yvy Y v VY £ VY YAY Y.vY y¥ 4 YA
Ca at 2g/l Yv4 y.Ao Yy Y Yo X YV AR Yy Ay Yo X
micronic sulphur at 5g/I YA Y. 4.4 e Yod AN 1A v
Normal Boric acid at 100 mg/I ARS Y.£Y AR YeEA ¥14 Y.04 AR Yo ¢
water SA at 50 mg/I Yoq YY) Yoy £Y ) YA Y. ¥4 ‘R R% v
Citric acid at 2g/l Yy y.Aav 9y YAA Yot y.av YY Y YA
Amino acids at 2ml/I YAY Y.¥1 1YY AR Ya) Y& AR VY
Control YY4 Y Ve A YAY \E3% Y AT qy AR
LSD at 5% YA N )0 ¥ AA VA CYE y.44 Y to
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With regard to the interaction effect data in Table
3 show that all assayed chemical constituents were
significantly affected as a result of the interaction
treatments. In this respect, using cold water in spraying
all tested nutrients or antioxidant reflected the highest
values compared with using normal water. In addition,
using cold water in spraying combined with spraying
the plants with each of amino acids, boric acid,
potassium oxide and salicylic acid reflected the highest
values in total chlorophyll, total sugars, total
carbohydrates percentage and vitamin C content,
respectively during both seasons of study.
4-Macro and micro elements content in the inner

curled leaves:

As indicated in Table 4, there were differences in
all assayed macro-elements (N, P, K, Ca, S) and micro-
elements (B concentration) in inner curled leaves as a
result of spraying the plants with water at different
temperature. In this respect, such differences reached
only the level of significancy in case of potassium
percentage in both seasons and boron in the first season
as well as sulphur percentage during the second season

only. Moreover, spraying the plants five times during
the growing season with cold water (4+1C°) exhibited
the highest values in all measured mineral elements
compared with using normal water in spraying. This
indicate that cold water tended to reduce the abiotic
stress of hot summer temperature and encourage the
absorption and accumulation of nutrients by plants
especially in newly formed inner leaves and in turn
increases the nutritional values of edible part of
cabbage.

As for the effect of sprayed nutrients and
antioxidants, the same data in Table (4) show that all
assayed mineral elements were significantly increased
as a result of spraying cabbage plants with all tested
materials compared with the control treatment in both
seasons of study. In this respect, using amino acids and
potassium oxide in spraying reflected the highest values
of nitrogen, phosphorus and potassium content,
whereas, the highest values of calcium, sulphur and
boron contents were recorded by Ca at 2g/l, micronic
sulphur at 5g/l and boric acid at 100mg/l, respectively
compared with other treatments.

Table 4: Effect of spray method and some nutrients, antioxidants, amino acids and their interaction on some
macro and micro nutrients content of cabbage plants grown in summer season during 2014 and

2015 seasons.

Treatments Frist season 2014 Second season 2015
Treatment spray N P% K% Ca% S% B N% P% K% Ca% S% B
(ppm) (ppm)
Cold water YEo ¥+ You VN1 YY) Yed  YOeA YA Yol IVY ) Y. VYo
Normal water Y€ YA VYYD YY Yy Ty Yoy oYY O YYE VA YYY YY)
LSD at 5% NS NS 011 NS NS 19 NS NS 009 NS 002 NS
K,0 at 29/l Yo LY Yo VAT LYY VYA YVY o F. FVY O Y A. Y EA L VYLY
Caat 2g/l YYY oYd ¥oeo YAA VT Voo Y AL o ¥. YEA O YAY VY. ALY
micronic sulphur at 5g/l YYT O o YT Y EY Y AY YYY Y)Y Y EY YT YYe V.6 ARA vy
Boric acid at 100 mg/I YAYA o YT ¥ Yo AFY AN AOY O YYFY L YE YYY V.Ve DR VSN W 4
SA at 50 mg/l YoEe o ¥ ¥ £ YA YT TE. YO YA YEY Yoy N YY ey
Citric acid at 2g/I YXY  o¥Y O FFY Y oA LAY o040 Y £ YA Y£4 )Mo .44 vy
Amino acids at 2ml/l Y.Aay +Yo YAY Y.V VY. YWA Y40 . ¥Y Y.oo8 YooY )y o AV.Y
Control Y6 oYY YAY YYY LAY S0 YAV XY YAT Y4 oA 044
LSD at 5% SV Y XY Yo A YA Y e N e e XS
K,0 at 2¢g/I Yor o¥E& Y AT 1AY Y Yo VEY Y AY oY) YAY )y 4Y VeV Ve
Caat 2g/l YYT O ¥ TR XYY Y eE VAT YVEOOFY YVe Y NE N YY AT
micronic sulphur at 5g/l YEY oY1 Yoy Y AT Y EY ey Yoy YV Yoo V.6 y.ve YA
Boric acid at 100 mg/| YAY YT YY)V FE LAY AAY O YFY L YE YYY VYA YY Ay
Cold water SA at 50 mg/I 24 XY YAV VAL VN4 Ted YAY . ¥4YAY YooY Y ¥E AYA
Citric acid at 29/l YXTOOFY O FEV VY LAY VY Y EY Y4 Y14 )Y YWY YA
Amino acids at 2ml/I Y49 ¥V ¥V Y)Y N YE VALY Y AE W FE YA Y.eE Y oed AQ)
Control YN0 W YE Y AY Y XE LAY 0T Y N4 LYY YAT YY) L AE VY
K,0 at 2g/l YO£9 o FY ¥ EE Y AE 1YY T4E YVE Y4 YooY Y AT Y E4 VYY)
Caat 29/l YAA YA YEY YN Y oA VY E Y AY Y4 YV YONY VYA VA
micronic sulphur at 5g/l Y.¥ LYY O FYE Y AY LYY 04 A YEY o YT Y YA ) gy Y14 YA
Boricacidat]_OOmg” YA +YY O Y4 YYY AT AYY O YYY c Yo YO A\RA %4 A4Y
Normal water SA at 50 mg/I YFE Y4 OFYY VYT OIE YT YEd oYY O YYe Yo. VY. 1£A
Citric acid at 2g/I YY4 ¥ Y Yed w88 ovY  Ye. LYV O YY. T8 .41 ara
Amino acids at 2ml/I YAS W ¥E Y EA Y eE A YT VIE YAV L FY YYA O Y..)Y Yo: ATE
Control YAE  YY Y AY O N XY G AY eF e YT XY YAl Y)Y eV oA
LSD at 5% 2 B U S S AR R S L TS A 2 O A A

Concerning the specific effect of the interaction
the same data in Table 4 indicate that there were

significant differences in all estimated elements as a
result of the interaction treatments. In this respect,
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spraying cabbage plants with dissolved nutrients and
antioxidants in cold water significantly reflected the
highest values in all determined chemical elements.
Moreover, using cold water combined with amino acids
recorded the highest values in total nitrogen and
phosphorus percentage in both seasons. While, using
cold water combined with potassium oxide, chelated
calcium, micronic sulphur and boric acid recorded the
highest content of potassium, calcium, sulphur and
boron, respectively in both seasons of study.

Generally, some of the applied treatments
especially those of amino acids and some extend
salicylic acid exhibited many positive effects in the
studied growth aspects, e.g., number of outer green
leaves (Table,1). That is prolonged to other growth
aspects including the chlorophyll content. This growth
enhancement and performance (Table, 2) was prolonged
to the improvement of quality characteristics e.g., total
sugars, total carbohydrates and vitamin C (Table, 3).
Also, different estimated nutrient elements were
positively responded (Table, 4). With regard to that
above mentioned unique and obvious active effects of
amino acids treatment upon difference estimated or
measured growth characteristics could be attributed to
the facts that of these amino acids is the tryptophan the
main precursor for indole acetic acid (IAA) biosynthesis
(Taiz and Ziger,2002). Here, shoot apical meristems and
young leaves are primary sites of auxin synthesis in
which exhibit apex-base structural polarity, and this
structural polarity is dependent on the polarity of auxin
transport (Salisbury and Ross, 1992). Because, the auxin
is the only plant hormone that has been clearly shown to
be transported polarly through the vascular parenchyma
tissues most those likely associated with the xylem
(Vince, 2011). So, the main auxin route or passage from
the site of synthesis (i.e., terminal inner shoot bud is the
medvin of the leaves and because the fact that unique
amount of auxin on both medvin sides due to the light
intensity on the both (Hopknis and Huner, 2009).

This situation, makes auxin with its low amount
on the outside of medvin more active for cell division
and elongation more than in the inhibitor high level of
auxin on the inner side leading to the overlapped leaves
when they go in growth. Also, studies have been
recommended that several compounds are synthesized
that can act as auxin transport inhibitors including NPA
(1-N-  naphthylphtalomic  acid), TIBA (2,3,5-
triidabenzoic acid), GDP (2- carboxyphenyl -3-phenyl
propane-1.3-dione), flavonoids, .etc . (Aloni et al.,
2002)

Finally, by applying such safe, natural and low
cost treatments i.e., antioxidants, amino acids and cold
water in very low temperature) it could be strongly
admit economically the use of these treatments to
improve growth and productivity of this leafy and most
popular plant under high temperature.
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