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ABSTRACT

Two pot experiments were conducted on a sandy soilto study the effects
of soil water stress, and rate and type of K-fertilizer on nutrients uptake two
Maize (Zea mays L.) hybrids S.C 10 and T W.C310 and K soil availability two
pot experiments were conducted. Three soil water regimes (100, 75 and 50% of
soil field capacity), four K application rates (0, 50, 100 mg K/kg soil.) and four
types of K sources (KC), K,SO,, KNO; and a 1:1:1 mixture of them) were studied
in a 3-factor randomized complete block design, 3 replicate. Soil-water stress had
significant effects on the CONCENTRATION OF EACH OF Na, K, Ca, Mg, P,
and N in plant of the studied nutrient in the two maize hybrids. Potassium
fertilizer sources had significant effects on all nutrients content except calcium
and magnesium in both hybrids. Availabie K in soil was highest at 100% field
capacity and in treatment receiving highest K rate. The findings suggest that
available K in soi! can be altered by adjusting the level of K-fertilizer and the
level of soil moisture.

INTRODUCTION

Water stress, potassium rates and source have been some the most
important factors affecting maize (Zea mays 1..) growth, physiological characters
and plant nutrient content. The effect of the factors and their interactive effects on
maize plant productivity and soil K had reccived the attention of several works in
the major maize growing countries as reported here.

Engles et al. (1994), in Germany, concluded that drying the topsoil led to
rapid decrease of root growth, and a decrease shoot P concentration in maize,
whereas the concentrations of N, K and Ca were not affected despite enriched
fertilizer levels in the topsoil. Szlovak (1996), in Hungary, showed that at
optimum watering, the dry matter production of maize and Ca uptake of cv.
MV580 reached a maximum. Ashraf and Rehman (1999), in Pakistan, stated that
K and P maize plant contents in the flooded soils increased whereas Ca and Mg
contents remained unaffected. They added that a considerable decrease in N, P
and K contents leaves was observed as a result of flooding. whereas in roots the
reverse was true. Lizaso er al (2001), in Venezuela. reported that the level of
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oxygen in soils affects the bioavailability of nutrients as well as the ability of root
system to uptake and transport water and nutrients. Melendez et al. (2001), in
Venezuszzela, reported that flooding reduced shoot biomass by between 20 and-
30%, and decreased N, P, K, CaandMgcontemsbyw 32, 48 52and40%

respectively.

Forster and Mengel (1989) reponed that potassium enhanced phosphorus
uptake by excised roots from inorganic sources. Bar-Tal ef al. (1991) stated that
K increased maize yield under salinity in sandy soils low in K. Resende ef al.
(1997), in Brazil, reported that in a green house pot trial, maize accumulated N, P,
K, Ca, S and Mg in the aboveground parts with increasing N rate; K accumulation
increased with increasing K rate, while accumulation of Ca and Mg decreased.
Banga et al: (1998) showed that maize grain yield was increased with application
of N and P, and that variation in K uptake in maize was most closely related to
water-soluble K. Zou et al. (1999), in China, applied up to 3300 mg k/kg soil and
found that maize 1240 mg/kg was optimum. Mallarino et al. (1999), in USA,
applied several P and K rates (0-56 kg P/ha; 0-132 kg K/ha) to different maize
_cultivars and found that banded K (deep or shallow) seldom affected early

growth, but usually increased K uptake and yield.

Maier (1986) reported that increasing potassium sulphate increased
potassium and to some extent sulphur concentrations, but decreased chloride
concentration in both petioles and tubers in sweet potato, and was superior to
KCI Kochian and Lucas (1988) indicated that SO%, uptake is slow compared to

, and this can limit K* uptake. They added that charge compensation, by
orgam'c acid anions such as malate, is necessary to maintain K* uptake rate when
SO?, is the predominant accompanying anion. The capacity for charge
compensatnon depends on availability of organic acid anions which will limit the
K - H' exchange (normally requlred to compensate for lower absorption of SO

?,, relative to CI') and hence limit K* uptake. Magat and Goh (1988) stated that
chloride application stimulated potassium uptake in tops and roots of fodder beet
compared to that of sulphate. Buwalda and Smith (1991), in New Zealand, found
that leaf K concentration in kiwi fruit was higher of vines receiving KCl
compared to those receiving K;SQO,, but for a limited period of 6 weeks.

The main objectives of the present investigation were to study the effect of
soil water stress and potassium source and rate, on nutrients uptake by two maze
hybrids SC10 and TWC310 and on contents of available K in soil.

MATERIALS AND METHODS

The present study was conducted (on a sandy soil) at the Faculty of
Agriculture, Saba Basha, Alexandria University. Two pot experiments were
carried out in the greenhouse to study the effect of soil moisture content,
potassium fertilizer levels and sources on soil K and nutrient uptake by two maize
. (Zea mays L.) cultivars single cross (8.C.10) and three way cross (T.W.C.310)
and avanlabmty of K in the soil. The two experiments were laid out in a
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randomized complete block, factorial design involving 3 factors (water stress, K-
rates and K-source). Treatments were executed three replicates.

Soil and plant samples (each of a plant/pot) were collected in triplicates
afer 45, 60 and 75 days of sowing representing 1%, 2*! and 3" growth stages,
respectively. The three soil samples were taken for nutrient availability analysis.
Plant samples were, washed with distillated water, oven dried at (65°C) to obtain
dry weight and ground to pass through 40 mesh screen and wet-digested with
concentrated H;SO,-H,0, and Ca, Mg, Na, K and P were determined; N was
determined by Kjaldah! fof analysis of (Chapman and Pratt, 1961)

Soil samples were air-dried, and analyzed according to Black (1965) and
Jackson (1958). Soil electrical conductivity, and pH of the soil paste extract
recorded 0.5 dS/m and 8.3, respectively. Soil moisture content at field capacity
and bulk density were 9.5%w/w and 1.56, respectively. Available N, P and K
were 20, 3 and 40 mg/kg soil, respectively. Soil organic matter content recorded
0.15%. Data were statisticaily analyzed according to Steel and Torrie (1980).

RESULTS AND DISCUSSION

1, Potassium Content:

Potassium content in maize plant under the three factors, i.e, water
stress, potassium rates and sources in the three growth stages under study are
presented in (Table 1). With regard to water stress, potassium content of S.C. 10
plant increased by increasing water deficit from M; (100% of water field
capacity) to M; (50% of field capacity) in the three growth stages. Such increase
was significant in the second and third growth stages. The percentages of increase
were 22 8, 6.7 and 21.8% at M; compared to M, in the three successive growth
stages respectively. Ashraf and Rehman (1999), Vilela and Bull (1999) and
Melendez et al. (2001) reported that water stress increases K in plant,
Premachandra ef al. (1993) reported increasing sugar, potassium and magnesium
concentrations under water deficit.

As for potassium fertilizer levels, data in Table (1) indicate that
increasing potassium rate increased potassium content during the three growth
stages. The highest potassium contents of (2.93, 3.73 and 4.18%) were detected at
45 mg k/kg soil. in the three growth stages respectively. Ibrahim (1982), Ogunlela
and Yusuf (1988), Resende ef al. (1997) and Mohamed (1998) reported similar
results. The increase of plant potassium content of S.C.10 hybrid plants may be
due to increased available K in soil. Zou et al., (1999) concluded that potassium
fertilizer application increased potassium uptake by plant.

With respect to effect of potassium fertilizer source on potassium content,
data in Table (1) show that potassium chloride produced the highest plant
potassium contents; giving (3.09, 3.91 and 3.98%) in the three growth stages,
respectively. The mixture of the three potassium forms, i.c., chloride, sulphate
and nitrate recorded potassium content of 3.09% in the first growth stage, only.
Potassium sulphate in the first stage and the mixture of the three potassium forms
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in the second stage and the third one produced low potassium contents of (2.30,
3.10 and 3.54%), respectively, in S.C.10 maize. High potassium content with
potassium chloride might be due to a stimulation effect of chloride for potassium
uptake compared to that of sulphate anion (Magat and Goh, 1988). These results
are similar is those of Buwalda and Smith (1991).

Table (1): Means of potassium % of S.C.10 and T.W.C.310 maize hybrids

Iants in the thne prowth stag ps®,

S.C.10 T.W.C.310 .

‘ 1" stage [2™ stage| 3™ stage| 1” stage [ 2" stage| 3™ stage}

) Water Stress (% of field capacity) |

100 3.73 3.27b 344 c . 3.64

75 273 3.56a | 3.720b . 3.70

. 50 2.88 349a | 419a . 3.70
L.S.D.oos - 0.10 0.06 -

) K-Rates (mg/kg.

1 0 2.71b 291c | 3.09d . 3.59b

15 2.89b 345b 4.09b . 3.64 b

30 2.59b 3.68a 3.79c . 372a

45 293 a 373a | 4.18a . 3.77a
L.S.D.q0s 0.14 0.10 0.04 . 0.07

| K-Sources
KCl 3.10a 391a | 398a . 377a

K;SO, 2.30¢ 3.43b 3.75¢ . 3.70 ab
KNO, 264b 3.33¢ | 3.87b . 3.66b
1:1:1 3.09a 3.10d 3.54d . 359b
L.S.D.o0s 0.13 0.09 0.04 . 0.08

* Means followed by the same letter (s) are not sngmﬁcamly different accordmg
toL.S.D .0.08

@ 1%, 2™, 3" stages represent the first, second and third harvests on the plants
aged 45, 60 and 75 days old, respectively.

Treatmenta

Increasing both of water stress and potassium fertilizer levels increased
potassium content in plants Potassium application at 15 mg/kg. produced the
highest potassium contents in the second and third growth stages, 4.39 and 4.58%
respectively. High potassium in plant could overcome the deleterious effects of
soil moisture stress (Yapa et al.,, 199]). However, Premachandra er al. (1993)
revealed that high levels of potassmm fertilizer may be beneficial for maize plants
to tolerate to water stress conditions. Similar results were obtained by Wang-Jing
et al. (1995) and Vilela and Bull (1999).

Concerning T.W.C. 310 maize hybrid, potassium fertilizer levels and
forms had significant effects. With respect to soil moisture content, increasing
soil moisture stress up to 50% field capacity did not significantly affect potassium
content in T.W.C, 310 maize plants in the first and second growth stage; however,
in the third stage increasing water stress from 100% to 50% field capacity
increased potassium content from 3.79 to 4.13% (Table 1). Many rescarchers
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reported that water stress increases K-content in plant (Premachardra ef al., 1993,
Vilela and Bull 1999 and Lizaso et al., 2001). Tangilig et al. (1985), Kargbo et al.
(1991), and Engles et al. (1994) reported that nutrient content of maize leaves was
not affected by irrigation treatments. With regard to potassium fertilization (Table
1), increasing potassium levels from zero up to 45 mg/kg. increased potassium
content from 2.39 to 2.88%, 3.59 to 3,77% and 3.43 to 4.20% in the three maize
growth stages, respectively. Ibrahim (1982), Oguniela and Yusuf (1988), Resende
et al. (1997) and Mohamed (1998) reported decreased K-content in plant with
increased K application. These results could be due to its stimulation effect on
potassium uptake (Zou ef al., 1999).

As for potassium fertilizer forms, potassium chioride increased
potassium content in plants giving averages of 2.86, 3.77 and 4.08% in the three
growth stages, respectively, followed by nitrate which gave 2.80% in the first
stage and sulphate which save 3.70 and 3.96% in the second and third stages,
respectively. Nitrate and mixture of the three forms produced low potassium
content in plant. Sulphate anion uptake was reported to be slower than chloride.
(Kochian and Lucas, 1988). Cheng and Quellete (1968) showed that nitrate anion
decreased potassium uptake. The current results are similar to those reporied by
Magat and Goh (1988) and Buwalda and Smith (1991).

Both 15 and 45 mg k/kg. under the highest water stress (50% field
capacity) produced the highest plant potassium contents (4.64 and 4.53%),
respectively, in the third growth stage. Under adequate moisture (100 and 75%
field capacity) potassium application increased potassium content by lower rates
than under inadequate moisture content. Apparent resistance of maize to water
stress can be attributed to continued nutrient uptake, especially potassium, which
may have allowed osmotic adjustment to occur (Marschner, 1985).

2, Sodium Content;

Water stress and potassium fertilization rates had significant effects in
the three growth stages SC10, while potassium fertilizer sources had significant
effects in the first and third growth stages. Sodium contents of S.C.10 maize
plants are presented in Table (2). Non stressed plants produced the highest
sodium content, in the first and second growth stages, (0.70 and 0.60%).
Moderate water stress increased sodium content by 0.54% in the third growth
stage. Highest water stress decreased sodium content in S.C.10 maize plants to
0.59, 0.49 and 0.49% in the three successive growth stages respectively.
Increasing sodium content in plants under adequate water might be due to
decreasing sodium concentration in soil solution and became more easier for
absorption and accumulated inside maize plant. Sodium decreased by application
potassium. Unfertilized treatment produced the highest total sodium contents
giving 0.74, 0.55 and 0.62% in stage 1, 2 and 3, respectively. The highest
potassium rate produced the lowest sodium content of 0.54, 0.51 and 0.44% in
stages 1, 2 and 3, respectively, This could be due to increased contents of
potassium in plant on expense of sodium (Bar-Tal et al., 1991).
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Table (2): Means of sodium % of S.C.10 and T.W.C.310 maize hybrids
lants in the three growth stages®,

- 8.Ca0 T.W.C.310
Trespments 17 stage |2 stage|3™ stage| 1" stage [2™ stage|3™ st
Water Stress (% of field capacity)
100 0.70a 0.60 a 0.51b 0.72a 0.61 0.80
75 06206 051b 054a 0640 0.60 0.75
50 0.59¢ 0.49b 049 ¢ 0.60c 0.58 0.55
L.S.D.ges 0.01 0.03 0.01 0.03 NS NS
K-Rates (mg/kg.
0 0.74 a 055a 0.62a 0.72a 0.70 0.84
15 0.70b | 054a | 051b | 0.66b | 053 | 0.74
30 058c | 0.54a | 0.46c | 064b | 054 0.61
45 054d 051b | 044d | 060c 0.61 061
L.S.D.oos 0.01 0.02 0.01 0.03 NS NS
K-Sources
KCI 0.66b 0.52 048 ¢ 0.64b 059 | 065
K;SO, 068a 0.54 055a | 0.71a 0.68 0.79
KNQ, 0.57d 0.54 051b 066b 0.56 0.63
1:1:1 0.64c 0.53 0.51b 0.59¢ 0.55 0.73
L.S.D.ges 0.01 NS 0.01 0.03 NS NS
* Means followed by the same letter (s) are not significantly different
accordin§ to L.S.D.gos
@ 1", 2™, 3" stages represent the first, second and third harvests on the plants

aged 45, 60 and 75 days old, respectively.

Concerning potassium form, data in Table (2) show that sulphate
significantly increased total sodium content in S.C.10 maize plants in three growth
stages (0.68, 0.54 and 0.55%); this might be due to sulphate anion uptake being slow,
and hence potassium uptake will decrease and encourage sodium uptake.

With respect to T.W.C.310 maize water stress, potassium level and form
had significant effects,only in the first growth stage. Increasing water stress from
100 to 50% of field capacity significantly reduced the sodium content from 0.72
to 0.60% in the first growth stage, and from 0.61 to 0.58% and from 0.80 to
0.55% in the second and third growth stages, respectively, the effect was
significant in stage 1. Increasing potassium level from zero to 45 kg/fed.
decreased sodium content in plants. Ranges of contents due to 0 and 45 mg/kg
were 0.72 to 0.60, 0.70 to 0.61 and 0.84 to 0.61%, respectively in the three
successive stages. Reductions was significant in the first stage. This could be
attributed to Na/K antagonistic relationship (Shukla and Mukhi, 1979), (Bar-Tal
et al., 1991). As for potassium sources, the highest sodium content resulted from
potassium sulphate application (0.71, 0.68 and 0.79%) in the three stages,
respectively. These results agree with those obtained by Kochian and Lucas
(1988), who reported that sulphate anion is slower in chloride or nitrate, Buwalda
and Smith (1991) reported difference between the leaf potassium in plants
receiving potassium chloride or sulphate.
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3. Calcium Content:..
A Increased soil moisture increased caicium in SC10 plot. The lowest
caicium contents were giving by 50% yield capacity 1.62; 1.76 and 1.79% in the
three successive growth stages, increased to 1.70, 1.79, and 1.84% given by 100%
field capacity. Szlovak (1996) and Lizaso et al. (2001) reported that calcium
. concentration i maize depends on the level of oxygen in soils, bioavailability of
" calcium as well as the ability of root system to uptake and transpert water and
calcium nutrients. Increasing potassium level, in $.C.10 plants, The highest
content was 1.74; 1.85 and 1.88% for non-potassium application in stage 1, 2 and
3, respectively. The highest level of potassium fertilization produced the lowest
calcium contents of 1.64; 1.71 and 1.77% for the. three stages, respectively. Al-
Ani and Ouda (1972); Aslam (1975) and Resende et al. (1997) reported decreased
Ca in plant due to increased K application. With regard to potassium forms, there
was no significant difference between the three forms, on their mixture.

As for T.W.C.310 maize plants soil moisture content and potassium
fertilization levels had significant effects. However, potassium form shows little
effect. Data in that table show that non-water stressed plants contained the highest
calcium contents (1.70; 1.83 and 1.84%) followed by moderate stressed plants,
(1.65; 1.77 and 1.81%) with the highest stressed plants, giving the lowest, (1.60;
1.72 and 1.77% for the three growth stages, respectively). These results agree
with those obtained by Szlovak (1996) and Lizaso er al. (2001). Increased
potassium level decreased calcium concentrations in plants: The highest
potassium rates produced the lowest calciam contents (1.55; 1.70 and 1.78% in
the three successive growth stages, respectively. The non-potassium application
produced the highest calcium contents (1.75, 1.82 and 1.85% in the three growth
stages, respectively). These results are in agreement with the findings of Al-Ani
and Ouda (1972), Aslam (1975) and Resende et al. (1997). With respect to
potassium FORM, data in Table (3) indicate show no significant difference.

4. Magnesium Content:

For SC10 plants water stress and potassium rate had significant effects
on magnesium concentration in plants. Potassium forms had no-significant effect.
Increasing moisture stress from 100% to 50% field capacity decreased
magnesium contents from being 0.60 to 0.55; 0.59 to 0.54% and from 0.60 to
0.54% in the three growth stages, respectively. On the other hand, increasing it
from 100% to 75% decreased the contents to 0.56, 0.55 and 0.58%, respectively,
in the three growth stages. Premachandra ef al. (1993), Ashraf and Rehman
(1999), Lizaso et al. (2001) and Melendez ef al. (2001) reported decreased Mg
contents in plant upon increasing moisture stress, Increased potassium application
rate significantly decreased magnesium in plants. Non-potassium fertilization
produced the highest magnesium concentrations in maize plants (0.62, 0.61 and
0.65% in the three growth stages, respectively). The highest potassium rate
produced the lowest magnesium concentration (0.45; 0.52 and 0.46% in the three
successive growth stages). These results are in agreement with the findings of Al-
Ani and Ouda (1972), Aslam (1975) and Resende ef al. (1997). As for potassium
form there was no-significant differences between the three forms.
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Table (3): Means of cakium % of S.C.10 and T.W.C.310 maize hybrids
lants in the three growth stages®.

: S.C.10 T.W.C.310
Treatments 1% stage |2* stage 3™ stage | 1* stage [2°! stage| 37 stage
Water stress (% of field capacity) '
100 - 1.70b 1.79a | 184a | 1.70a | 1.83a | 184a
75 1.73a 1.78 a 1.80b 1.65b 1.77b 181b
50 1.62¢ 1.76 b 1.79b 1.60c 1.72¢ 177 c
L.S.D.o0s 0.02 0.02 0.02 0.05 0.01 0.01
K-rates (mg/k
0 1.74a- | 1.85a 1.88a 1.75a 1.82a 185a
13 1.69b 1.82b | 1.80b 1.65b 1.80b 181b
30 1.66 c 1.73¢ | L.79¢c 1.65b 1.77¢ 1.78 ¢
45 1.64d 1.71d 1.774d 1.55¢ 1L.70d 1.78 ¢
L.S.D.00s 0.02 0.02 0.0l 0.01 0.02 0.02
K-sources .
KCl 1.68 1.81 1.79 1.64 1.77 1.81
K;SO, 1.70 1.76 1.83 1.64 1.78 1.80
KNO, 1.65 1.79 1.82 1.66 1.76 1.80
1:1:1 1.70 1.75 1.80 1.66 1.79 1.81
L.5.D.g0s NS NS NS NS NS NS

* Means followed by the same letter (s) are not significantly different
aocordmg to L.S.D.gos

@ 1%, 2™, 3™ stages represent the first, second and third harvests on the plants
aged 45, 60 and 75 days old, respectively.

As for T.W.C.310 plants soil moisture and potassium rate had significant
effects; but potassium rate had no-significant effect. Increasing soil moisture
stress from 100 to 50% of field capacity decreased magnesium concentrations in
maize plants from being 0.49 to 0.46%, 0.58 to 0.46% and 0.59 to 0.53%,
respectively in the three successive growth stages. Some researchers reported
decreased magnesium concentration due to water stress (Premachandra et al.
(1993), Ashraf and Rehman 1999, Lizaso ef al., 2001 and Melendez ef al., 2001).
Vilela and Bull (1999) reported no significant effects for water stress on
magnesium content in maize plants. Increased potassium application rate
decreased magnesium content particularly in the first and second growth. The
highest magnesium concentrations were 0.50, 0.63 and 0.56% at non-potassium
fertilization in the three growth stages, respectively. The lowest were 0.45, 0.52
and 0.54% at the highest potassium fertilizer rate. These results agreed with those
obtained by Al-Ani and Ouda (1972), Aslam (1975) and Resende et al. (1997).

S. Phosphorus Content:

Regarding S.C.10 plants moisture content, potassium fertilization rates
and sources had significant effects. Non moisture stressed plants showed P
contents of 41, 44 and 0.53% whereas the stressed (50% field capacity) showed
86, 97 and 74% stage 1, 2 and 3 respectively. Resistance of maize plants to water
stress can be attributed to continued nutrients uptake which may have allowed



Maize Nutrient Uptake & Soil Available K In Soil As... ... 1353

osmotic adjustment to occur (Marschner, 1985). Comparable results obtained by
Tkebucheva (1974), Kargbo et al. (1991), Ashraf and Rehman (1999) and
Melendez ef al. (2001). With regard to potassium fertilizer rates, data show that
potassium application significantly decreased phosphorus concentration
application stages. Phosphorus concentrations by the no-K treatments averaged
62, 64 and 76% of P in plants, decreased by the highest K rate to become 0.53,
0.57, and 0.54% for stage 1, 2 and 3 respectively. These results agree with those
obtained by Lixandru et al. (1975), Tbrahim (1982), Sinha and Singh (1982),
Karlen er al. (1987), Ogunlela and Yusuf (1988), and Zou et al. (1999). As for
potassium fertilizer form, the sulphate form produced the highest phosphorus
content followed by nitrate. Phosphorus concentrations were 0.77, 0.75 and
0.77%, respectively, as a result of potassium sulphate application during the three
growth stages. Phosphorus concentrations were 0.77, 0.75 and 0.77%,
respectively, as a result of potassium sulphate application during the three growth
stages. These results might be due to the acidity effect of sulphate anion on the
soil solution, where the highest phosphorus availability needs pH equal 6.5.

Table (4): Means of magnesium % of S.C.10 and T.W.C.310 maize hybrids
ants in the three growth stages®.

S.C.10 T.W.C.310
Treatments 1* stage |2 stage|3™ stage| 1 stage [ 2™ stage| 3™ stage
Water Stress (% of ficld capacity) '
100 060a | 0.59a | 0.60a | 0.49a | 0.58a 0.59
75 056b | 0.55b | 0.58b | 049a | 0.58a | 0.54
50 ] 055b 1 054c | 0.54c | 0.46b | 0.56b | 0.53
LS.Dges | 002 [ 001 0.01 0.01 0.02 NS
K-Rates (mg/kg.)
0 062a | 06la | 065a | 0.50a | 0.63a 0.56
15 0.57b | 0.57b | 0.60b | 0.49b | 0.58b | 0.56
30 055¢c | 054c | 0.58c | 0.48¢c | 0.56c | 0.55
45 ] 054d [ 052d | 046d | 045d | 0.52d | 0.54
L.S.D.q s 0.01 0.01 0.01 0.01 0.01 NS
K-Sources
KCl 0.57 0.57 0.57 0.46 058 [ 0.55
K,;SO, 0.58 0.55 0.56 049 [ 057 0.54
__KNO, |} 056 | 054 | 058 | 050 | 058 | 057
T mr | 057 058 | 058 | 047 | 056 | 055
L.S.D.q0s NS NS | Ns | Ns NS NS

* Means followed by the same letter (s) are not significantly different
accordmg to L.S.D.ops

@ 1% 2 3 stages represent the first, second and third harvests on the plants
aged 45 60 and 75 days old, respectively.

With respect to T.W.C.310 plants there were significant effects.
Increasing water stress increased phosphorus content in plant with no-stress, P
concentration averaged 0.59, 0.78 and 0.21%, increased by the highest water-
stress to reach 0.65, 0.80 and 0.41 for stage 1, 2 and 3 respectively.
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These results could be due to that maize plant tended to-increase nutrient
uptake which would allow osmotic adjustment to occur (Marschner, 1985). These
results agree with those obtained by Tkebucheva (1974), Kargbe et al. (1991),
Ashraf and Rehman (1999) and Melendez et al. (2001).

Conceming effect of potassium, data show a significant decrease due to
increasing potassium rate. Phosphorus concentrations at highest K-rate were 0.54
0.65 and 0.29% compared to 0.69, 1.03 and 0.40% under non-potassium
fertilization in the three growth stages, respectively. Lixandru et al. (1975),
Ibrahim (1982), Sinha and Singh (1982), Karlen et al. (1987), Broges and
Mallarino (1998) and Zou et al. (1999) reported decreased P content in plant due
to increatal K application. With regard to potassium form the sulphate form
produced the highest phosphorus concentrations (0.67, 0.84 and 0.38%) followed
by the nitrate one (0.61, 0.79 and 0.35%) in the three successive growth stages.
This might be due the acidic effect of sulphate anion on the soil solution,

Table (5);: Means of phosphorus % of S.C.10 and T.W.C.310 maize hybrids
plants in the three growth stag es®.

1 stagejz“ stage [3™ stage
Water Stress (% of field capacity)

5 100 04lc¢ 0.44b | 053b | 059¢ 0.78
78 . 0460 043b | 0.74a 061b 0.79

50 0.86a 097a | 0.74a | 0.65a 0.80

0.02 0.03 0.04 0.02 NS |

0.67a 064a | 076a | 069a 103a
0.55b { 063ab | 0.70b | 0.67b | 0.78b
0.56b 0.61b | 068c | 0.57c | 0.70¢
0.53¢ 057c | 0.54d | 0.54d | 0.65d
0.02 0.03 0.05 0.01 0.03

0.47d [ 0.50d | 0.59c | 0.60c [ 0.73¢c
0.77a_| 0752 | 0.77a | 067a | 0.94a
055b | 067b | 0.75b | 0.61b | 0.79b
052c | 053c | 057c | 0.59d | 0.70d

002 003 | 0.15 | 00!

hd Means followed by the same letter (s) are not s:gmﬁcantly dnﬁ'ercnt
_ according to L.S.D.o0s
@ 1% 2™, 3™ stages represent the first, second and third harvests on the plants
aged 45, 60 and 75 days old, respectively.

6. Total Nitrogen Content:

Results for S.C.10 reveal that soil water nitrogen content to plant (Table 6).
The highest moisture stress produced the highest nitrogen contents (2.92, 2.67 and
2.22% in stage 1, 2 and 34 respectively). The lowest moisture stress produced the
lowest nitrogen contents (2.68, 2.50 and 2.17%, respectively) in plants. Plants
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increased their nutrients uptake to increase the osmotic pressure to overcome moisture
stress (Tangiling ef al., 1985). These results are in general agreement with those
obtained by Tkebucheva (1974), Lizaso ef al. (2001) and Melendez et al. 2001).

As for potassiurh fertilization levels, data show that potassium the
studied levels, significantly increased mitrogen content. There were positive
relationship between -potassium application levels and nitrogen concentrations in
maize plants. The highest potassium fertilization level produced the highest
nitrogen contents (3.00, 2.84 and 2.39% in the three stages, respectively). No
potassium fertilization showed the lowest nitrogen contents (2.46, 2.25 and 1.84%
during the three successive growth stages, respectively). Ibrahim (1982), Faizy ef
al. (1986), Ogunlela and Yusuf (1988) and Mohamed (1998) reported increased N
contents by applying K. With regard to potassium fertilizer form potassium
nitrate produced the highest nitrogen contents (3.02, 2.82 and 2.34%) followed by
potassium sulphate (2.82, 2.61 and 2.20% during the three stages, respectively).
Nitrate anion is souzce of nitrogen.

Regarding T.W.C.310 plants, there were significant main effects of the
three studied factors. First and second order interactions were not significant
during the three studied growth stages of maize plants. Means of nitrogen content
in T.W.310 corn plants as affected by soil moisture content, potassium fertilizer
levels and sources during the three growth stages are presented in Table (6). Data
in show that Nitrogen content in plants increased by increasing the water stress.
Increasing the stress from 100% to 50% of field capacity. Caused plants to add
extra 0.18, 0.20 and 0.06% M in their tissues in stages 1, 2 and 3, respectively.
These results agree with those obtained by Tkebucheva (1974), Tangilig et al.
(1985), Lizaso et al. (2001) and Melendez er al. (2001).

As for potassium fertilizer rates, there were significant positive effects.
The highest potassium fertilizer rate produced the highest nitrogen contents (3.03,
2.83 and 2.38% in the three stages, respectively). Non-potassium fertilization
produced the lowest nitrogen contents (2.65, 2.26 and 1.83%, respectively). These
results are in agreement with the findings of Ibrahim (1982), Faizy ef al. (1986),
Ogunlela and Yusuf (1988) and Mohamed (1998).

Nitrate form of increased nitrogen contents by (3.06, 2.82 and 2.34%)
followed by sulphate (2.90, 2.65 and 2.19% in the three stages). The nitrate
source contains nitrogen beside potassium.

A- Effect on available potassium in soil:

Results are shown in Table 6 and Fig. 1 to 6. Regarding soil where S.C.10
maize hybrid was grown there were significant effects. Effect of water stress,
potassium fertilization levels and forms in the three growth stages are presented
in Figure (1). Increasing water stress increased available potassium in soil at the
three growth stages. Under 100% ficld capacity available potassium was
108.02, 57.53 and 66.31 mg/kg soil in stage 1, 2 and 3, respectively. As
compound with, 123.72, 61.89 and 69.72 mg/kg, respectively soil under the soil
water stress respectively.
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Table (6): Means of total nitrogen % of S.C.10 and T-W.C.310 maize hybrids

lants in the three growth stages®.

S.C.10 T.W.C.310
1* stage [2™ stage| 3™ stage | 1 stage [ 2" stage[3™ stage
Water stress (% of field capacity) ’

Treatments

100 2.68c | 2.50c | 2.17b | 2.78c | 2.50c | 2.161¢c
75 285b | 264b | 2.23a | 282b | 2.64b | 2.217b
50 292a | 267a | 222a | 296a | 2.70a | 2.219a
L.8.D.o0s 0.04 0.02 0.02 0.01 0.06 0.001
K-rates (mg/kg) ' ‘
0 246d 2.25d 1.84d 265d 2.26d 1.83d
15 2.86c 2.58¢c 228¢ 279c¢ 261c 2.28¢
30 2950 2.74 b 232b 294b 2.75b 231b
45 3.00-z 284a 239a 303a 283a 238a
L.S.D.gos 0.03 0.01 0.01 0.02 0.04 0.01
K-sources
KCl 2.77¢ 250c¢ 214c 281c 2.50c 213¢
K,;S0, 2.820b 261b 220b 290b 265b | 2.19b
KNO, 302a | 282a | 234a | 306a | 282a | 234a
1:1:1 2.65d 248d 215¢ 264d 2.48d 2.12d
L.S.D.q0s 0.04 0.02 0.01 0.02 0.04 0.01

* Means followed by the same letter (s) are not significantly different
according to L.S.D . s

@ 1%, 2™, 3™ stages represent the first, second and third harvests on the plants
aged 45, 60 and 75 days old, respectively.

l---e -- st stage —»— 2nd stage —a— 3rd stage

140 -
120 S .
100 -
801 .
60 - ——=
40
20
0 u T T ; T .
0 20 40 60 80 100 120
Water stress, % of fleld capacity

Available K, mg/kg soil

Fig. (1): The efTect of soil moisture stress on available K at the three growth
stages of S.C. 10 cultivar (1%, 2™ and 3™ stages = 45, 60 and 75
. days after seeding).
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With respect to the effect of potassium rate available potassium increased
by 17.18, 10.76 and 3.37% in stage 1, 2 and 3 as a result of adding the highest
potassium rate. As for potassium source, results reveal that potassium nitrate
surpassed other potassium forms on available potassium in soil. Available
potassium was 132.70, 63.53 and 72.67 mg/kg for stage 1, 2 and 3 respectively as
a result of potassium nitrate application.

Lvr 1ststage — »— 2nd stage —a—3rd stagel

80
N, — R —_ S
40
20

ol

(v} 10 20 30 40 50
K rate mgK/kg soil

Available K, mg/k

Figure (2): The effect of K application rate on available K at the three
growth stages of S.C. 10 cultivar (1%, 2" and 3™ stages = 45, 60
and 75 days after seeding).

1st'_stage DO 2nd stage [J3rd stage —

Available-K mg/kg soll

K2S04 KNO3 111
K-source

_J

Fig. (3): The effect of K sources on soif K availability at the three growth
stages of S.C. 10 cultivar (1%, 2** and 3™ stages = 45, 60 and 75
days after seeding).

With regard to the T.W.C.310 hybrid, results show increasing soil
moisture stress increased available potassium in soils during the three growth
stages contents of available K under 100% field capacity increased by 12.29, 9.06
and 73.4%, respectively, in the three successive growth stages as related to 50%
field capacity. ,
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[-- o --1st stage =——= —2nd stage —&—3rd stage |

40 -
20 - L EERERR R AoREEROU
00 -
80
60{ —_————
40

20 -
0 T T ¥ i T T )

0 20 40 60 80 100 120

Water stress, % of field capacity

Available K, mg/kg soil

Figure (4): The effect of soil moisture stress on available K at the three
growth stages of T.W.C. 310 cultivar (1", 2** and 3™ stages =
45, 60 and 75 days after seeding). h

Figure (5) shows the effect of potassium fertilization rate on K
availability in soil. Potassium application increased available potassium in soil
during the three growth stages. Available potassium in soil increased at 45 kg
K/fed. by 18.16, 14.32 and 10.60% compared to non-potassium applications for
the three successive stages respectively. With regard to potassium fertilizer forms,
data sown that potassium nitrate form significantly increased available potassium
in soil only in the first growth stage compared to the other three potassium forms.
The differences did not reach the significance level in the second and third stages.

[ - - & -- 1st stage —= —2nd stage —a&— 3rd stage

140 R .
=120 020200 .-
g M 1 ... P
g 100
f 40 —— —— —A
s 20
g 0 - ! ! T T 7
0 10 20 30 40 50
K Application rate, mg k/kg

Figure .(5): The effect of K fertilization rate on available K at the three
growth stages of T.W.C. 310 cultivar (1%, 2* and 3™ stages = 45,
60 and 75 days after seeding).
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@ 1st stage E12nd stage CI3rd stage |

160
140
120
100
80
60

40

20

Avafisble- K mg/iy mil

KCI K2S0O4 KNO3 1:1:1

K-source

Figure (6): The effect of K source on available K at the three growth stages
of T.W.C. 310 cultivar (1%, 2* and 3™ stages = 45, 60 and 75
days after seeding).

The previous data can be explained on the basis that the original soil
contain low amount of available K to be less then the critical level of K in soil for
optimum plant growth. Also, soil moisture level at 100% of field capacity was the
best level for optimum growth for the two maize hybrids. The K-NH,OAc
method of extraction provided an excellent indication of K availability as
evidenced by the significant yield responses that frequently occurred when
available K levels were less than 200 mg/kg soil (Haby et al., 1990). The overall
goal of this work is to find strategies that growers can use to improve the
efficiency of K usc for maize crop while safeguarding the environment and
maintaining profitability. The finding obtained so for suggest that the available
potassium in soil can readily altered by adjusting the level and the soil moisture
level. Also, selecting the suitable potassium source have a beneficial effect for
better plant growth. Potassium nitrate suppressed the other potassium forms for
most of the studied characters for the two maize hybrids. More agronomic work is
needed to test this possibility under field conditions.
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