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ABSTRACT

A 2-factor field experiment was conducted on wheat (7riticum aestivum cv. Giza 168), 2016/2017, grown on a Torripsamment
sand soil in Ismailia, North of Egypt to assess K and ascorbic acid (AA) application. K treatments were K, none, K; through the soil at
200 kg K ha™', K, foliar spray with1000 mg K L™ solution and K through soil + foliar. Ascorbic acid (AA) spray treatments were A,
none, A, spray with 100 g Land A, 200 g L™". Fertilization showed the positive response for yields (grains and straw) and NPK uptake
in plant reaching highest by treatment of K3A,. Grains in the non-fertilized yielded 2.26 Mg ha™ increasing to 13.7% by K,A, and
119% by K3A,. Same two respective treatments showed grains uptake of 24.5 and 219% for N; 8.6 and 34.6 % for P and 18.2 and

367% for K.

Keywords: K fertilization, Ascorbic acid, straw and grain yield, N, P, and K uptake.

INTRODUCTION

Cereals are the most essential crops in Egypt.
Wheat, the most strategic is the main source of energy in
the Egyptian diet. Due to the high Egyptian population
which consumes more than the local production, the
country must import grains to satisfy the demand. In 2015
the production of 8.7 million Mg (mega-grams, i.e. metric
tons) was augmented by a 10 million Mg to fill the gap;
bearing in mind that cultivated wheat area was 41 % to 47
% of the total winter crop area (FAO, 2015). Wheat grows
in different soils and climates (Malik et al., 2015) and is
affected by different stresses including salinity, drought,
cold and heat (Gill ef al., 2003; Ahmed and Ahmed, 2005
and Shao et al., 2009). Drought increases rhizosphere
solutes around plant roots causing reverse 0SMOsis
(Waraich et al, 2011) and negatively affecting
physiological, biochemical and metabolic processes
(Waraich et al, 2011 and Malik et al., 2015). It causes
negative changes in respiration, nutrient translocation,
nutrient uptake, morphology (Lawlor, 2002; Jaleel, et al.,
2008 and Farooq et al., 2008). It is causes degradation of
chlorophyll (Moaveni, 2011; Waraich et al., 2011 and
Malik and Ashraf, 2012). It produces reactive oxygen
species (ROS) such as H,O,, superoxide and others in plant
all of which deteriorate cell membrane stability (Tartoura,
2010 and Waraich et al., 2011) and interact negatively with
DNA, proteins, lipids and pigments leading to damaged
cells (Ashraf, 2009; Ashraf, 2010 and Tartoura, 2010).
Therefore adverse effects of drought decrease yield of
wheat as well as growth parameters including plant height,
spikes weight, and number of tillers, blades and spikes per
plant, flag leaf area (Ahmed and Ahmed, 2005; Ibrahim,
2012 and Hussein and Khursheed, 2014). Carbohydrates,
proteins, soluble sugars, N, P and K in plant decrease by
drought (Hussein and Khursheed, 2014 and Raza et al.,
2015).

Potassium is essential for many processes as
photosynthesis, enzyme activation, metabolism, starch
translocation, nitrogen metabolism, proteins synthesis,
regulation of stomatal movement and water relations
(Marschner, 1995; Mengel and Kirkby, 2001; Simonsson
et al., 2007; Waraich et al., 2011 and Min et al., 2013).
Satisfactory K in plants makes it resistant to drought stress
(Soleimanzadeh et al., 2010). Its foliar spray can cause
plant tolerance to drought and regulates the functions of
stomata (Kant and Kafkafi, 2002 and Wang et al., 2013);

and enhance photosynthesis, growth and yield (Egilla et
al,, 2001 and Grzebisz et al., 2005) and enhance cell
expansion, maintain turgor and protects chloroplasts from
oxidative damage (Kant and Kafkafi, 2002 and Waraich et
al., 2011). Foliar spray of K leads to resistance of cellular
membrane to rupture (Wei et al., 2013) and increases NPK
uptake (Raza et al., 2015).

Ascorbic acid (AA) which is an anti-oxidant,
enables plant to resist adverse effects (Dolatabadian et al.,
2010; Malik and Ashraf, 2012; Hussein and Khursheed,
2014 and Malik et al., 2015). It has in important function in
plant metabolism protecting it against ROS (Shao et al.,
2008 and Zaefyzadeh et al., 2009). Foliar spray of wheat
using 50 or 100 mg AA L' protected the photosynthetic
function from the damaging effects of high salinity (Abo-
Marzoka et al., 2016 and Khan et al., 2006). It enhances
plant growth and augments cell division, cell wall
expansion, photosynthesis transpiration and stomatal
conductance (Pignochi and Foyer, 2003; Ishikawa et al.,
2006 and Malik and Ashraf, 2012). Its application may be
foliar spray, through rooting medium or by soaking of
seeds (Malik and Ashraf, 2012 and Malik et al., 2015). Its
Foliar spray increases wheat growth (Malik and Ashraf,
2012) plant height, number of tillers and spikes, flag leaf
area, blades area, spike length and grain yield (Amin et al.,
2008). Foliar application of AA corrects nutritional
disorders, increases NPK content, photosynthesis and
carbohydrates (Amin et al, 2008 and Hussein and
Khursheed, 2014).

The aim of this study is to assess the effect of K
(foliar and soil addition) and ascorbic acid (foliar) singly or
combined on wheat (growth, yield, and nutrient uptake),
grown on a sandy soil under drip irrigation.

MATERIALS AND METHODS

An experiment was conducted on wheat (7riticum
aestivumc.v. Giza 168), 2016/2017, grown on a
Torripsamment sand soil (Table 1) in Ismailia
Governorate, North of Egypt, irrigated with well water
(Table 2) through a sprinkler system. The experiment
aimed at assessing no K-fertilization (Ky) or with K
fertilization through the soil at 200 kg K ha’ (K,) or
through foliar spray (K,) using K solution of 1000 mg K L
! or both K fertilizations combined (Ks3). Such treatments
were used without ascorbic acid (AA) foliar spray (Ag) or
with its foliar spray using solutions of 100 g L™ (A,) or 200
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g L' (A)). The experimental design was a factorial
randomized complete block. Factor 1 was K fertilization
(Ko, Ky, K», and K3) and Factor 2 was ascorbic acid spray
(Ao, A; and A,). Treatments were in 4 replicates; and a plot
size of 10.5 m”. The K fertilizer was potassium sulphate
(410 g K kg') and the ascorbic acid was an analytical
grade chemical. Spraying was done in 3 occasions for K:
15, 35 and 55 days after seeding, and 3 others for ascorbic
acid: 20, 40, and 60 days after seeding. Spray rate for each
material and each occasion was 1200 L ha'. The soil was
sand with very low N, P, and K for satisfactory wheat
growth (Abdelsalam and Abdelhaleem 1994), thus all plots
were given organic manure (compost, 70 Mg ha™) as well
as mineral N and P. The manure (Table 3) was given along
with P (20 kg P ha™ as calcium super-phosphate "68 g P
kg'") during soil preparation (2 weeks before seeding)
while N was given at a rate of 250 kg ha”, as ammonium
sulphate (206 g N kg™), added in two times 30 and 45 days
after cultivation. Crop was sown on 15/11/ 2016 and
harvested on 15/4/2017. All laboratory analyses were
conducted according to Chapman and Pratt, (1961); Page
et al., (1982) and Klute, (1986).

Table 2. Analysis of irrigation water

Table 1. Soil properties of the experiment site

Property value
Particle size distribution (%)

Coarse sand 35.40
Fine sand 57.31
Silt 3.22
Clay 4.07
Soil texture* sand
CaCOs (gkg") 10.1
Organic matter (g kg™) 0.2
pH (1:2.5, w:v soil: water suspension.) 7.98
EC dSm™ (soil paste extract) 0.97
Soluble ions (mmol, L")

Ca”" 4.82
Mg* 2.23
Na” 2.87
K" 0.21
CO5” 0.00
S04~ 3.09
HCO; 2.94
Ccr 4.10
Available NPK (mgkg™) **

N 93
P 0.7
K 11.1

*According to the International Soil Texture Triangle (Moeys, 2016).
**Extracts are:- KCI (N); Na-bicarbonate (P) and ammonium acetate

)

EC Soluble Ions (mmol° L)

@sm) PH —7 Mg @ K a'  HCO,  COoZ  soF AR

1.48 8.13 7.14 4.56 3.28 0.12 10.88 1.45 0.10 3.10 3.61

Table 3. Analysis of compost

pH EC dSm”  Organic matter ash Total NPK (g kg")

1:2.5) (1:5) (gkg) N P K

8.10 3.2 443 347 4.3 2.3 6.3
RESULTS AND DISCUSSION Such pattern occurred with no interaction caused by K

Grains and straw yields (Table 4):

The non-treated plants gave a very low grain yield
of 2.26 Mg grains ha' (Table 4). Application of K or
ascorbic acid (AA) singly or combined increased yield by a
range of 13.7% due to K¢A, up to as high as 107.5% due to
K34, indicating a very high positive response to both K
application (through soil + foliar) and ascorbic acid (AA).
Straw yield followed a pattern or response very similar to
that of the grain yield. The non-treated crop gave a low
straw yield of 3.22 Mg ha™', which increased by 16.5 %
dueto KA, up to as high as 141% due to K;A,. The total
grainst straw yield followed a pattern of response
resembling that of the grain or the straw yield. The low
grains+ straw yield of 5.48 Mg ha given by the non-
treated crop increased by 15.3 % due to KyA; up to as
high as 127% due to K3;A,. The additive (cumulative)
effect of K fertilization + AA spray was evident as the
treatments of K and AA gave a high positive effect when
combined together. The main effect of K treatments in the
current study was as follows K3 > K> K;> K, except in
grain yield it was as follows K; > K; > K,> K, while, for
the AA treatments was as follows A,> A;> A,, ie. a
positive progressive effect of each of K and AA factors .

application to AA spray. The positive effect of ascorbic
acid was particularly marked in presence of K3 (soil and
foliar K + foliar ascorbic acid). The increased yields due to
K application reflects a non-satisfactory contents of
available K in soil despite application of manure. The 11
mg available K in the sandy soil of the study was far below
the 75 mg K considered as satisfactory for wheat
(Abdelsalam and Abdelhaleem 1994). Potassium positive
effect in enhancing many activities in plants was reported
by researchers else where (Marschner, 1995, Mengel and
Kirkby, 2001, Waraich et al., 2011 and Min et al., 2013).
Research on application of 190 kg K ha™ to wheat grown
on a sandy loam soil caused a substantial increase of
101% in grain yield (Ranjhi et al., 2002) .; and application
of 60 kg K ha™ soil- combined with a foliar spray of 5000
mg K L solution increased wheat grain yield of up to
170% (Arabi et al.,, 2002). Ascorbic acid is an anti-oxidant
agent enhancing many plant growth and enzymes activity
(Pignochi and Foyer, 2003); enhancing photosynthesis
(Malik and Ashraf, 2012) and alleviating environmental
stress (Dolatabadian et al., 2010). An increase of 26% in
maize grain yield was obtained by Abo-Marzoka et al,
(2016) upon foliar spraying with a solution of 100 mg
ascorbic acid L™ .
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Table 4. Wheat grain and straw Yields as affected by K application (soil and foliar) and ascorbic acid(foliar).

Ascorbic Acid Foliar Spray (A)

K fertilization Ay A A

mean Ay Ay A, mean Ay Ay A, mean

Grain Yield (Mg ha™) Straw Yield (Mg ha™) Grains +Straw Yield (Mg ha™)
Ko 226 257  2.64 249 322 375 428 3.5 5.48 6.32 6.91 6.24
Ky 333 343 3.53 343 499 536 632 556 832 8.79 9.85 8.98
K, 3.99 4.17 4.32 4.16 580 6.02 697 6.26 9.78 10.19 11.29 10.42
K3 4.27 4.49 4.69 4.48 6.51 6.70 7.76 6.99 10.78 11.19 1244 11.47
mean 3.46 3.66 3.79 513 546 6.33 8.59 9.12  10.12
LSD 5% K:0.07 A:0.07 KA:ns K:0.10 A:0.09 KA:ns K:0.15 A:0.13 KA:ns

Notes: Ko, Ky, Kz and K; are none, K soil-applied 200 kg K ha™, K-foliar 1000 mg K L™ spray solution and K-Soil + K-foliar combined
respectively. Ag, A;, and A, are no spray, spray with 100 and with 200 g L™ ascorbic acid solution respectively. ns: not significant.

N uptake (TableS5):

The pattern of N uptake followed a trend rather
similar to that of the yields (Table 5). All treatments
receiving K or AA or both showed increased uptake in
grains or straw or grains + straw. Increases ranged from
24.5% by KA, to as high as 219% by K3A, for grains.
Respective increases for straw were 30.1 and 316% for the
same mentioned treatments; those for grains + straw were
26.6 and 256% for the same mentioned treatments. The
positive response shown by N uptake due to application of
K and or ascorbic acid is mainly an outcome of the
increased yields in grains and straw of wheat. The uptake
of N by grains + straw followed a same pattern as the of N

uptake in grains and that by straw. The ratio of N uptake
by grains to that by straw averaged 1.65:1 for the non-
fertilized and 1.34:1 for the fertilized. Average positive
responses occurred to application of K and also to
application of ascorbic acid. The pattern of response to K
was: K3 > K,> K;> K, and that for the ascorbic acid was :
Ay> A> A, . The additive (cumulative) effect of K
fertilization + AA spray was evident as the treatments of K
+ AA gave a high increase in N uptake. There was no
interaction caused by any of the two factors of K or
ascorbic acid interfering with the effect of each other,
except in straw N- uptake when response to K was most
prominent under the high dose of ascorbic acid.

Table 5. N uptake (kg ha™) by wheat as affected by K application (soil and foliar) and ascorbic acid(foliar)

K Ascorbic Acid Foliar Spray (A)

fertilization Ay A A, mean Ay A A, mean A, A A, mean
X N uptake by grains N uptake by straw N uptake by grains+ straw
Ko 24.1 30,0 343 295 14.6 19.0 24.8 19.5 38.7 49.0 59.1 48.9
K, 436 478 504 473 31.3 374 460 38.2 74.9 85.2 96.3 85.5
K, 568 603 658 61.0 39.1 41.8 51.2 44.0 959 102.1 117.0 105.0
Ks 639 695 769 701 46.5 50.5 60.8 526 1104 1200 1377 1227
mean 471 519 569 14.6 19.0 248 80.0 89.1 1025

LSD 5% K:2.8 A:25 KA:ns K:0.9 A:0.8 KA:15 K:3.1  A27 KA:ns

*See footnotes of Table 4 for treatment designations

P uptake (Table 6) :

The uptake of P was much lower than that of N.
Unfertilized treatments showed the lowest P uptake while
the fertilized ones showed increases in P uptake (Table 6).
The increase in uptake by grains ranged from 8.6 % by
KoA; to as high as 346% by K3A,. Respective increases
caused by same respective treatments were 68.3 to 1343%
in straw and 29.5 and 673% for grains + straw. Uptake of
P was considerably greater in straw than in grains. The
ratio in grains to that by straw was 2.13: 1.00 where no

fertilizers were applied, and averaged 1.00:1.19 over all
treatments. Average positive response to K application
showed a pattern of K; > Ky> K> K, and that for the
ascorbic acid was A,> A;> Ay . The additive (cumulative)
effect due to combining K with ascorbic acid was evident
and they gave a high increase in P uptake. There was
interaction caused by K to the response to ascorbic acid
when in some cases the high and low doses of AA were of
similar effect in presence of foliar K.

Table 6. P uptake (kg ha™) by wheat as affected by K application (soil and foliar) and ascorbic acid(foliar)

K Ascorbic Acid Foliar Spray (A)

fertilization Ay Ay A, mean Ay Ay A, mean A, Ay A, mean
K P uptake by grains P uptake by straw P uptake by grains+ straw
Ko 3.02 328 415 3.48 142 239 3.60 247 4.4 5.7 7.8 6.0
K, 513 678 743 6.45 420 555 7.20 5.65 9.3 12.3 14.6 12.1
K 813 920 1083 939 1068 11.71 1635 1291 188 20.9 272 22.3
Ks 1040 11.10 1347 11.66 1241 15.00 2049 1597 2238 26.1 34.0 27.6
mean 6.67 759 897 7.18 8.66 1191 13.8 16.3 20.9

LSD 5% K:0.46 A:0.39 KA:0.79 K:1.24 A:1.07 KA:2.14 K14  All2 KA:240

*See footnotes of Table 4 for treatment designations

K uptake (Table 7) :

K uptake followed a rather similar pattern as that of
N, much lower than that of N (Table 5). The lowest uptake
was by the non-fertilized treatment. All fertilized ones had
greater K uptake. The lowest increase was by KyAand the
highest was by K;A, of which the increases were 18.2 and

367% respectively for grains uptake, 31.3 and 380 %
respectively for straw uptake and 29.1 and 378% for
grains+tstraw respectively. The uptake in straw exceeded
that of the grains by several folds. The ratio of K uptake in
grains to that in straw was 1.00: 4.95 where no fertilizers
were applied, and averaged 1.00: 5.09 for the fertilized
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treatments. Average positive response to K and that to
ascorbic acid spray followed a pattern very much similar to
that of N as well as P application; K3 > K> K;> K, and
Ay> A;> Ay The additive effect of K in combination with
ascorbic acid spray was prominent giving the highest K

uptake. There was an interaction caused by K to the
response to ascorbic acid when in some cases of straw and
grains+straw the high and low doses of AA were not
significantly different under foliar K.

Table 7. K uptake (kg ha™) by wheat) as affected by K application (soil and foliar) and ascorbic acid(foliar)

K Ascorbic Acid Foliar Spray (A)

fertilization Ay Ay A, mean Ay Ay A, mean A, A A, mean
(159) K uptake by grains tfSrv K uptake by straw K uptake by grains+ straw
Ko 5.5 6.5 7.4 6.5 272 35.7 49.4 37.4 32.7 422 56.8 43.9
K, 13.0 141 155 14.2 52.4 69.3 88.1 69.9 65.5 834 103.6 84.2
K, 165 181 19.8 18.1 84.3 89.4 1048 928 100.8 107.5 1246 111.0
K; 206 228 257 230 1032 1088 130.6 1142 123.8 131.5 1562 1372
mean 139 154 17.1 6.8 75.8 93.2 80.7 91.1 110.3

LSD 5% K:0.6 A:0.5 KA:ns K:2.8 A:24 KA49 K28 A24 KA#4S8

*See footnotes of Table 4 for treatment designations

Assessment of treatments impact on uptake of N, P
and K:

The increased N, P and K uptake due to K
application reflects non-satisfactory contents of available K
in soil despite application of manure to all plots of the
experiment. Increased yield amounting to 26% in maize
grains was obtained by Abo-Marzoka et al. (2016) upon
spraying plants with ascorbic acid solution. Gul et al.
(2011) sprayed wheat with a solution of 5000 mg K L and
obtained considerable increase in growth and other
important traits including number of spikes per plant.The
increase in plant growth and biomass yield was associated
with increased N , P and K uptake due to applying K.
Application of K cause increased yields in plants grown on
soils with non-sufficient contents of available K. (Ranjhi et
al., 2002; Arabi et al., 2002 and Min et al., 2013). Foliar
spray of ascorbic acid increases N, P and K uptake by
plant (Pignochi and Foyer, 2003; Amin et al., 2008 and
Hussein and Khursheed, 2014).
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