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ABSTRACT

Foliar application of potassium and scil moisture stress were evaluated

through two successive field experimenls during growing seasons of 2001 and 2002

at Giza Agricultural Research Station, A. R. C. To verify this objective , maize ( Zea

mays } , single cross ( 5.C.10) cultivar was grown and treated with potassium fertilizer
at concentrations of 0 , 2 and 3 % K20 as foliar application under three conditions of
soil moisture content expressed as depletion in available soil moisture namely wet

{35- 40 %), medium (55 - 80 %) and dry (75 — 80 %), depletion in A.S. M. Results of

the combined analysis could be summarized as follows:

i- Plant height and stem diameter of the plant were significantly increased under wet
treatment followed by those under medium and dry ones. The same parameters
showed gradual and significant increase with raising the concentration of K0 from
0 to 3 % . However; the interaction between the two faclors was insignificant as
well,

2- Al growth parameters i.e, leaf area index (LAl), net assimilation rate (NAR) and
crop growth rate (CGR) at all growth stages were significanfly higher under wet
treatment than those under the other soil maisture stress levels.

3- LAI at all growth stages and NAR at the last period of growih (80-80 days after
sowing, DAS) were significantly increased with the gradual increase of K0 up to
3%, while vice versa was observed at 35-50 DAS. At the period of 65-80 DAS,
NAR was the highest and significant with 2% K;O. CGR at all growth stages was
significantly increased with increasing K;O level.

4- The significant effect of the interaction between moisture stress and K spray was
pronounced for NAR, CGR and LAl at 50-65 and 80-50 and 35-50 DAS periods,
respectively.

5- All yield attributes of maize plant were significantly and graduslly increased as a
result of raising the availability of soil moisture content and the level of K;O up to
3%. The exception is shelling% which didn't affect with spraying K20. However, no
significant effect could be noteced due to lhe interaction between the two factors
under study on all yield parameters.

8-There was gradual and significant increase of maize productivity as a result of the
reduction in soil moisture depletion. The same response was observed for raising
K-level. However, the interaction caused insignificant effect on grain and stover
yields. .

7- Higher protein content of maize grains was gained under condition or severe in soil
moisiure content. Spraying maize plants with water (0% K20} caused the highest
protein content and the interaction between the above two treatments was the
best. Total carbohydrates content of the grains showed a reverse trend for main
and the interaction effects.

8-The highest mean values of water consumptive use during growing season were
recorded when maize plants sprayed with the highest level of K;O (3%) under wet
treatment. Whereas, water use efficiency (kg/m®) reached its highest value at
medium scil moisture stress with potassium nutrition,
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From the economic point of view and consider to the crop productivity,
interaction between medium water stress { 55- 60% depletion in A.SM.) and
spraying with 3 % K:C treatment is considered the best compared to the other
treatments under study.

INTRODUCTION

in Egypt. maize (Zea mays L.) is considered as cne of the most
adopted cereal crops to water and nutrient deficiencies. The ecological
importance of water is the results of its physiological role in plant growth.
Water is a biotic for life in both the biochemicat and biophysical synthesis and
its influences are both internal and environmental. Much attention has been
focused on the effects of water deficit on primary and secondary products of
the plant. Thus scheduling irrigation for maize plant may improve its
production either per unit area or per unit of consumed water. El — Nomany e¢
al. (1990) reported that exposed maize plants to water stress ( irrigation every
18 days instead of 12 days) decreased significantly plant height, ear length ,
ear diameter , ear weight , number of grain/ row, number of rows / ear , 1000
grains weight , grain and straw yields as well as shelling percentage.
Mahrous (1891) reported that increasing irrigation intervals up to 35 days
significantly decreased plant height and grain yield / fed. of maize plants.
Ibrahim et al. (1992) found that leaf area/plant and grain { ard / fed.) of maize
plant were significantly increased with the decrease in irrigation period. Anton
and Ahmed (2001) concluded that protein content of barley grain was
increased, whereas total carbohydrates content decreased under dry
condition or severe soil moisture stress (80 — 85%. A. 5. M.)

Potassium is one of the essential elements in plant nutrition and in
the case of insufficient soil supply, it could be a negative affects on plant
growth. There is a great need to add such element regularly as a fertilizer for
imporving crop yield. Crops that store carbohydrates like maize need an
ample supplies of potassium for good production. Foliar application of
potassium has attracted considerable attention in recent years because it
ensures, the quick and adequate K — supply for plants at the time of yield
formation to improve its productivity. Beringeer (1980) reported that grain
yield of wheat increased with increasing potassium supply. Montanee (1988)
and Suwanerit and Sestopukdee (1989) concluded that a single foliar K -
application on any day between the 50% tasselling date and days later
increased yields and sweetness of supersweet corn. Qosterhuis et al. (1990)
reported that cotton plant receiving both soil and foliar applied — K or foliar
applied — K alone gave higher seed yields than control. El —~ Habbasha et al..
(1996) stated that treating pea plants by foliar application of K resulted in an
increase in the yield.

It has been mentioned that potassium application plays an important
role in plant grown under water deficit. Weich and Flannery (1985) reported
that increasing potassium supply increased water use efficiency of comn
plants. Abu-Grab and Sanna (1999) mentioned that potassium was more
important of stressed corn plants than well ~ irrigation ones.
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The present investigation is carried out to study the effect of water
regime in combination with different levels of foliar of potassium on growth,
yield, some vyield altributes, some chemical analysis of grains and water
relations i.e- water consumptive use and water use efficiency of maize plants.

MATERIALS AND METHODS

The present work was carried out during the two successive seasons
namely 2001 and 2002 at Giza Agriculture Research Stalion, A. R. C. to
study the effect of scil moisture stress in combination with different levels of
foliar spray of potassium fertilizer on some characters of maize cultivar single
cross (S. C. 10). The experiment was laid out in a spiit plot design with four
replicates. The main plots were occupied by soil maisture levels, while sub —
plots contzined foliar spray with polassium fertilizer. Each sub -~ plot was
1/200 feddan { 6 x 3.5 m2) and included 5 rows, each 6 m long and 70 cm
apart. To aveid the interference between irrigation treatments, 1.5 meter beds
were left among the experimental plots. The average values for the physical
and chemical analysis for experimental soil site during the two growing
seasons are presented in Tables (1).

Table (1): Some physical and chemical properties of the experimental
site of Giza Res. Farm

e EC soil Available
Seasor") Particle size distribution Texture | O.M. | pH paste | nutrients {ppm)
“|Coarse] Fine ! Silt[Clay| class | % [{1:2.5)| extract N lplx
sand %! sand % | % | % ds/m
|
2001 | 341 | 2840 3039378 O |45 | 76 | os2 | 50 |24 449
2002 | 322 | 2743 31303672 Clay | 1a | 74 | o8 | 52 |21 {430
|~ loam

The treatments are as follows:

| - Main plots {soil moisture level):

A- lrrigation when 35 -~ 40 % of available soil moisture (A. S. M.) was
depleted (designated as wet).

B- Irrigation when 55 — 60 % of available soil moisture (A. S. M.) was
depleted (designated as medium ).

C- Irrigation when 75 — 80 % of available soil moisture (A.S.M.) was depleted

{designated as dry).
Il - Sub ~ plots ( K- fertilizer levels ).
1 — Spraying with water (control)
2- Spraying with 2 % K, O - solution.
3 - Spraying with 3 % K,0O - solution.

Maize grains were planted on 15 / 5 and 20 / 5 in the first and
second seasons, respectively in hills spaced 25 cm — Phosphatic fertilizer in
the form of calcium superphospbate (15.5% P,0s) at the rate of 200 Kg / fed.
was added before planting — Nitrogen fertilizer in the form of ammonium
nitrate ( 33.5 % N) was applied to each sub - plot at the rate of 120 Kg N /
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fed. in two equal doses, the first was given before life watering ( 21 days after
sowing ) and the second was added before the second irrigation. Potassium
fertitizer was sprayed two times at 21 and 35 days after sowing, the volume of
water was 400 L / fed. Tween 20 was used as welting agent at the
concentration of 50%. Cuitural practices were completed according to usual
methods being adopted for maize plant. Irrigation treatments started after
maize plants received the life watering (21 days after sowing).

Growth Analysis: -
For growth analysis random samples, each of five plants were taken

from the rows of the four replications. The sampling dates were 35, 50 , 65,
80 and 95 days after sowing. In each sampling date, plants were separated
into their components i.e root, leaves, stems,, tassels and ears plus husks.
Plant parts were dried in a ventilated oven to the constant weight for 24 hours
at 90 C ° to determine the following characters :-
1- Leafareaindex (L. A. L)
2-  Net Assimilation Rate (N. A. R.} { gm /dm? / week)
3- Crop Growth Rate ( C. G. R. ) (gm / week )

The following formulae were used to computerize such characters
according to { Watson 1852).
LAl = Unit leaf area /unit ground area .
NAR = (W, ~-W, ){loge Ay —loge Ay )/ { Az~ Ay ) (ta—t4 ).
CGR = Wz —W;f{tz—h )

Where W, ,A; and W, , A, refer to dry weight of the whole plant and leaf
area at time t; and t; in weeks, respectively.

Harvesting took place on 9/9 and 12/ 9 in the frist and secand seasons,
respectively.

At harvest time, five individual guarded plants were randomly taken from
the other sub - plots of the four replecation to determine the following
characters:-

1 — plant height {cm)

2 — stem diameter (cm)

3 —~ Ear length (cm)

4 - Ear diameter (cm)

5 — Number of ear / rows)
7 — Ear grain weight (gm)
8 — shelling percentage

9 — 100 - grain weigh (gm)

Yield data i.e. grain yield and stover yield (ton/fed.) were obtained and
calculated from a central area of each sub - plot to avoid any border effect.

Mature grains of the second season were subjected to chemical analysis
for the determination of :-

a — Grain protein percentage according to A. O. A. A. C. (1975).
b — Total carbchydrates percentage as glucose%according to
Dubois et al. (19586).
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Water Relations:-
A - Water consumptive use (W.C.U.)

Soil samples were taken with a regular auger at planting tme, just
before and after 48 hours of each irrigation and at harvest time for sol
moisture determination. lrrigation water was applied when the moisture
content reached the dasired available soil meisture in each treatment At
each sampling date, duplicate soil samples were taken from0- 15, 15-30
30 - 45 and 45 — 80 cm depths and their moisture contents were determined
gravimetrically. Field capacity, bulk density were determined for the
experimental site and recorded in Table (2).

Table {2) Soil moisture constants of the experimental site.

[ Soll . Field Wilting Available |
depth Bulkfdenssaty Capacity point Molsture
Cm giem % % %
0-15 1.15 35.80 17 .74 18.06
15 - 30 1.22 31.12 16 . 66 14.46
30 - 45 1.20 29.92 16. 31 13.61
| 45-60 | 1.28 27.94 | 15.97 11.97

The depleted soil moisture was detected after each irrigation and the
following equation was used in calculating water consumptive use as follows
according to (lsraelsen and Hansen, 1562):
cu=DxBdx(e;—e;)/100
Where:-

Cu = water consumptive use {ET) in mm,

D = soil depth (cm).

Bd = Bulk density in g /cm® .

e, , & = soil moisture content before and after each irrigation.

B — Water Use Efficiency (W. U. E). -
Water use efficiency was calculated for each treatment according to

the following equation: -
W.U.E.= grain yield kg/ fed./seasonal water consumption m*ffed.

Data of the two seasons were combined and statistically analyzed
according to Steel and Torrie (1880).
The discussion ¢f the results were carried out on the basis of combined

analysis for the two seasons,
RESULTES AND DISCCSSTION

i — Maize Growth :-
a — Growth measurements :-
Results of Table {3) show the effect of soil moisture stress and foliar
application of potassium fertilizer on growth of maize expressed as plant
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height and stem diameter. Statistical analysis indicates that both factors had
a significant effect on the measured growth characters of maize. The highest
values of plant height and stem diameter were obtained from the wet
treatment which was watered at 35 — 40 % depletion in available soil moisture
{A.S.M.) followed by the medium soil one i.e. irrigation at 55 — 60 % depletion
in A.8.M.. However, the lowest values were gained from severe water deficit
or those plots irrigated at 75-80 % depletion in A.S5.M.These results reveal
that increasing soil moisture stress did decrease plant height and stem
diameter. Also, these findings indicate that increasing available moisture
level enhanced the growth of maize plants and increased the plant height and
stem diameter. in other words soil moisture content accompanied by such
irrigation intervals might control the elongation of the above ground part of the
plant. In this respect, Slatyer (1973) concluded that the growth and
development of plants depend upon continuous cell division, in differentiation
and enlargement of cells. Noureldein et al. (1986) reported that the reduction
in plant height of maize plants exposed to stress conditions might be due to
the reduction in internode lenght.

As for the foliar application effect of potassium on growth of maize,
results of combined analysis in Table (3) indicate that applying foliar spray of
K on maize generally resulted in a significant increase in plant height and
stem diameter. Such characters increased gradually with raising potassium
levels from O up to 3 % K;O.These results are in line with those reported by
Anton and Ahmed {2001) who found that spraying barley plants with 2 % K,0
increased significantly plant height .

Data of Table (3) show that the interaction between soil moisture
stress and potassivm levels was found to be insignificant for plant height and
stem diameter. However, the maximum values of plant height and stem
diameter were gained from irrigation treatment at 35 — 40 % depletion in
available soil moisture and sprayed with 3 % K;O.

b- Growth analysis:-
1 - leaf area index {L.A.L):

Data of Table {3) show that leaf area index (L.A.l) increased by
advancing age up to 80 days after sowing. This is mainly due to the
production of new leaves as well as leaves expansion through the growth of
maize plant. Whereas (L.A.l.) decreased slightly at 95 days after sowing.
Such decrease may be due to the drying or/ and failing of some maize
leaves. Leaf area index was significantly affected by soil moisture stress and
foliar spray with potassium at different stages of maize growth i.e. 35, 50, 65,
80 and 95 days after sowing. The wet treatment had the highest values of
LAl followed by medium one at different stages of growth under study
However , the dry soil moisture level gave the lowest values of leaf area
index at different growth stages. The differences between results gained from
the wet treatment and the two other soil moisture stress levels i.e. medium
and dry ones were found to be significant at all tested growth stages. This
reduction may be due to the reduction in leaf area and number of
leaves/plant. These results are in harmony with those obtained by Osman et

al. (1989) and Hefni and El-Shabbagh (1993).
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Regarding the effect of foliar spray with potassium fertilizer, resuits of
combined analysis in Table (3) indicate that spraying K on maize plants
resulted in a significant increase on LAl at all growth stages Such
character was increased gradually with raising potassium levels from 0 up to
3 % ¥K,0 which recorded the maximum value. These results are in fine with
those reported by Kandil ef a/. (1884) who found that increasing K;O to the
higher rate i.e. 20 Kg K,0 / fed. increased leaf area of maize plant.

Data of Table (3) show that the interaction between soil moisture stress
and potassium levels on LAl was found {0 be significant on the first stage i.
e. 35 days A.S. . Whereas the other stages ie 50 65, 80 and 95 days A S.
recorded insignificant effect . The maximum values of L.A.L at different stages
of growth were obtained from treatment irrigated at 35 — 40 % depletion in
available soil water and sprayed with 3 % K0 .

2 - Net Assimilation Rate {N.A.R.).

From Table (4), it was observed that there were significant difference
in NAR distinguished among the three ASMD levels at all growth periods. The
dry treatment provided significantly higher NAR at (35 — 50 D.A.S)) than wet
treatment, with insignificant effect compared with medium one. Such resuits
could be altributed te that the accumulation of dry matter or photosynthesiate
compounds seemed to be more in proportion to feaf area. in other words,
when plants exposed to dry treatment | leaf area of maize plants decreased
less than the increase in dry matter accumulation at (35 — 50 DAS) .
However, at (50 — 65 days A.S.) NAR was significantly lower in case of water
stress (75 — 80 % ASMD) compared to (35 — 40 % and (55 — 60 %) i.e. wet
and medium treatments, respectively. Later on , at 65 - 80 and 80 — 95
D.AS. the valie of NAR at dry treatment also decreased significantly
comparad with wel treatment with insignificant effect with medium one. In this
connection, Hefni and El-Shabkagh (1993} found that NAR of maize plant
decreased by increasing available soil moisture depletion up to 80%.

Concerning the effect of potassium fertilizer on NAR of maize piants,
data in Table (4) indicate that NAR decreased significantly and gradually at
35 — 50 and 50 — 85 DAS with increasing K;0 levels fram 0 up to 3% K,0.
Such resulls could he due to the role of potassium in plant growth which
reflected on increasing leaf area in proportion to dry matter accumuiation
Whereas, at 65-80 DAS, NAR increased significantly when maize pilant
sprayed with 2% K,O compared with 0 or 3 % K2o treatments. At fast period
of growth i.e 80-95 DAS, NAR increased significantly with raising potassium
levels up to 3 % K,O.

Data of Table (4) show that the interaction between soil moisture stress
and potassium levels on NAR was found to be significant at 50-65 and 80-95
DAS. Whereas, there was insignificant effect at 35 — 50 and 65 — 80 DAS.
The maximum value of NAR was varied according to the period of growth i.e
35-500r50-650r65-800r80-95D.A8.

3 - Crop Growth Rate (C.G.R.)

Table (5} shows C.G.R. of maize plants as affected by water stress and
foliar spray with K.t is clear that the differences in C.G.R. among the levels of
available soil moisture depletion were significant at all growth periods.
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The values of C.G.R. were increased mostly with advance maize plant in age.
This trend is mainly due to the increase of dry matter accumulation with
advance age.

Regarding the effect of water siress on C.G.R. of maize plant, resulis
indicate that, increasing soil maisture depletion level from 35-40 % to 75-80
% decreased significantly CGR at zll growth pericds. Such trend may be due
lo the important of water to the accumulation of dry matler or
photosynthesiate compounds . these results are in harmony with those
obtained by Hefni and El-Shabbagh {1883} who found on maize plant thal
CGR was significantly decreased by increasing available soll moisture
depletion up 1o 80%.

Concerning the effect of potassium fertilizer on CGR of maize plant, data
in Table (5) indicate that, raising K;O level from 0 up to 3 % increased
significantly the values of CGR. Such finding may be explained on the
important role of potassium in carbohydrates synthesis, which in turn
incregse CGR. In this respect, Mahender-Singh ef al {1922} found that
spraying potassium at rates of 0, 80, 100 or 200 ppm K on maize plant
grown In pots increased dry matter of maize plants with increasing potassium
fevels.

The interaction between the two factors i.e. water stress and potassium
fertilizer on CGR was found to be significant at the periods of 50 — 65 and 80
— 95 days after pianting. Whereas it recorded insignificant effect at the
periods of 35-50 and 65-80 days after planting. The maximum value of
C.G.R. was obtained when maize planis received wet treatment and sprayed
with 3 % K,0 at the periods of 35-50 and 65-80 days after sowing. Whereas
when maize plants received medium treatment and sprayed with 3% K;0,
C.G.R. recorded its maximum values at periods of 50 — 65 and 80 — 85 days
after sowing.

Il — Maize Yield and its attributes: -
a - yield attributes .

Results of Table (6) show that soil moisture stress had a significant effect
on the ear length, ear diameter, number of rows/ear, ear weight, ear grain
weight, shelling percentage and 100 grain weight. The highest values of such
characters were obtained from the wet treatment which was watered at 35 -
40% depletion in available soil moisture (A S.M. ), followed by the medium
treatment which was irrigated at 55 — 60 % depletion in A.S.M. The lowest
values were gained from severe water deficit {dry treatment, which irrigated
at 75 — 80 % depletion in A.S.M.}.

These results reveal that increasing soil moisture stress resulted in a
significant decrease in maize growth which was reflected on yield attributes of
maize plants. These findings indicate that high moisture level enhanced the
growth of maize therby its yield attributes. In this connection, Kramer (1980)
showed that plants subjected to water stress not only show a general
reduction in size but exhibit medification in structure, leaf area, cell size and
interceilular volume. Also, simialr results were obtained by Noureldin et af
(1986) and Hifni and El-Shabbagh (1993)
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Regarding the effect of foliar spray with potassium fertilizer, results of
combined analysis in Table (6) indicate that applying foliar spray of K on
maize resulted ir a significant increase in ear length, ear diameter, number of
rows! ear, ear weight, ear grain weight and 100- grain weight, except the
character of shelling % which recorded insignificant effect. Such characters
were increased gradually with raising potassium levels from 0 up to 3 % K2¢.
These results are in line with those reported by Abou El-Defan ef al. {1999)
who found that spraying wheat piants with 1.5 % KO increased significantly
100-grain weight compared with control. Also, Anton and Ahmed (2001)
reported that applying foliar spray of K on barley resulted in a significant
increase in spike fength, grain weight / spike and 1000 - grain weight.

Data of Table (8) show the interaction between soil moisiure slress
and potassium levels which was found to be insignificant for ear length, ear
diameter, number of rows / ear, ear weight, ear grain weight, shelling % and
100 - grain weight. The highest values of all yield attributes were relatively
scored from irrigated plants at 35 - 40 % depletion in available water and
received foliar spray of 3 % K,O.

b - Yield

The effect of soil moisture stress and foliar spray of potassium on the
productivity of maize expressed as grain yieid ard. /fed. and stover yield
tonffed. is presented in Table (7). Results indicate that the two factors
significantly affected the productivity of maize. The highest values of grain
and stover yield were scored from the wet treatment (irrigation at 35 — 40 %
depletion in A.S.M.) followed by the medium leve! of soil water (imgated at
55-60 % depletion in A.S.M.). the lowest productivity of maize was recorded
from severe water deficit (plots irrigated when 75-80 % of A.S.M. is depleted).
Such findings were found to be clear in both seasons under study and
combined analysis. This trend could be due to the effect of water deficit on
maize growth and vield attributes which was in turn reflected on maize
productivity.

These results are in line with those reported by Sinclair et al. (1890) who
found that maize grain yield was decreased under severe water stress.
Concerning the effect of potassium fertilizer on maize yield, data in Table
(7) indicate that the foliar application of K levels had a significant influence
on maize yield i.e. grain and stover yields. This frend was observed in two
seasons under study as well as from the combined analysis. Spraing maize
plant with 2 or 3 % K;O significantly increased grain and stover yields
compared with control one, with insignificant effect between the levels 2 and
3 % K;0. These resuits could be ascribed to the enhanced effect of
potassium to growth which in turn resuited in higher yield of maize. These
results were explained by Beringeer (1280) who stated that increasing wheat
grain yield as a result of increasing K application rates due {o the greater area
of flag-leaf was being as a major source of assimilates for grain development.
The same auther added that the potassium nutrition increased the grain
weight and number of grain/ear.In this conection, he concluded that the
muitiple bio- physical and bio- chemical function of K in the plant are best
integrated by data on vyield and by measurement of some marphological
parameters.
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The interaction effect between water deficit and foliar spray with K recorded
insignificant effect on grain and stover yields of maize. The highest values of
grain and stover yieids were relatively scored when maize plants irrigated at
35 -- 40 % depletion in A.S.M. and received foliar spray with 3 % K,0.

Il - chemical composition of maize grains.
a — Protein content :-

Variations in protein content of maize grain as affected by water deficit
and K fertilizer is presented in Table (7) . Results clearly show that the level
of soil moisture is an important factor controliing protein content of maize
grain . As soil moisture stress increased protein content of maize grains
increased. Higher protein content was gained under dry condition or severe
soil moisture stress (75 — 80 % depletion in A.S.M.), while it decreased by
frequent irrigation’s {3540 % A.S.M.).In this respect, El-kalla ef &/ (1985)
concluded that crude protein percentage of maize grain increased by
increasing the amount of available soil moisture deficit as adpoted in 80 %
S.M.D.

Regarding the effect of foliar spray of K on protein content of maize grains,

result of Table (7) show that protein content of grains decreased with
increasing K level up to 3 % K;O. These results are in line with those
reported by Abou- El-Defan ef af (1999),who stated that increasing
potassium dose decrease nitrogen percentage in wheal grains.
The interaction between soil moisture content and K foliar application
treatments, Table (7) indicate that the highest value of protein could be
obtained from plants irrigated at 75-80 %.depletion in A.S.M. and sprayed
with water {control).

b ~ Total carbohydrates content

Carbohydrates content of maize grain (Table, 7) showed a reverse trend
te that obtained with protein. Under wet conditions or low water deficit, total
carbohydrates of maize grains was increased while increasing water deficit
by prolonged irrigation intervals did result in decreasing the percentage of
carbohydrates in maize grain. in other words, the increase in carbohydrates
were on account of decrease in protein content of grains. The same results
on maize plants was obtained by El-Kalla et al. {1985), who also expiained
such result as a water shortage causes stomatal closure and this in turp
prevents CO, diffusion inte the air inside the tissue of plants and
consequently the photosynthetic efficiency becomes low.

As for the effect of foliar spray of K, data in table (7) indicate that total
carbohydrates of maize grains increased with increasing K level up 10 3 %
K.0. Such findings may be explained on the important role of potassium in
carbohydrates synthesis and translocation. The same trend was observed by
Anton and Ahmed {2001) on barley plants. Alse , Abd El-lateef (1996)
mentioned that soil application of P and foliar sparing with K showed
significant increase in carbohydrates percentage of mung bean seeds. E) -
Bialy el al. (2001) concluded that grain, biglogical and straw yield of wheat
plant as well as seed index were all significantly increased over the control as
a result of either soil application or foliar one of potassium fertilizer. Foliar
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application of 7.2 Kg K,O/fed. recorded the best grain yield among the other
foliar spraying rates having 75 % relative increase compared to control. Total
carbohydrates responded significantly due to K treatments.

The highest carbohydrates content of maize grains could be achieved by
irrigation maize plants when 35 — 40 % depletion in available water and
sprayed with K at the rate of 3 % K,0.

IV- Water Relations :-

a - Seasonal water consumption:-

Seasonal rates of water consumptive use by maize under the various
treatments are presented in Table (8) . Results indicate that the values of
seasonal water consumptive use by maize ranged from 54.66 to 74.54 cm
during the period of study. These results revealed that water consumption
increased with increasing soil moisture by frequent irrigations. The highest
water use was achieved under wet treatment (irrigated at 35 — 40 % depletion
in ,A.8.M.), whereas the lowest values were gained from dry soil moisture
level, which watered at depletion of 75 — 80 % A.S.M. The medium treatment
had inter medium values. In other words, the rate of evapotranspiration
increased with increasing scil moisture level in the order:

Dry < medium < wet soit moisture level.

Such results could be explained on the basis that frequent irrigation
provides chance for more luxuriant use of water. These finding could be
ascribed to the availability of soil water to maize planls in addition to higher
evaporation rate from wet soil surface, than a dry one. In this connection
Ilbrahim (1981) showed that the increase in evapotranspiration rate by
maintaining soil moisture at high level can be aftributed to excess available
water in the root zone to be consumed by the plants.

Regarding the rate of foliar spray by potassium on seasonal water use
by maize plants, results indicate that there was a slight increase in seasonal
water use by maize. The values increased gradually with increasing K:O
concentration. Such increase in evapotranspiration role with increasing
potassium fertilizer levels may be due to the enhancing effect of K fertilizer on
maize growth which resulted in an increase in plant canopy thereby
increasing the transpiring surface and that reflected on seasonal water
consumption. The above results are in the line with those reported by Ei-
Naggar et al.. {1996) who found an increase in water consumptive use of
barley and soybean by increasing K,;O from 0 to 72 Kg/fed.

As for the interaction effect between water stress treatments and
potassium fertilizer levels, the maximum value was obtained when maize
plants watered at 35 — 40 % depletion in A.S.M. and sprayed with 3 % K,0.

b — Water use efficiency

Water use efficiency by maize expressed as Kg. grains produced per m®
of water consumed in complete evapotranspiration in the period of study is
presented in Table (8). It indicates that water use efficiency was higher under
medium soil moisture stress (irrigated at 55 -60 % A.S.M.), while it was lower
under wet condition or severe soil moisture stress. These results may be due
to the higher grain yield of maize gained from medium treatment and less

water consumed by such treatment.
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It can be concluded that medium soil moisture level seemed to be suitable in
consuming water compared with either low water deficit or severe soil
moisture stress. In this connection Vites (1965) concluded that water use
efficiency is not clearly depend on the water available if the supply is within
evapotranspiration limit, even the crop yields and the cpportunity to increase
crop yields do depend on the adequacy of water supply.

As for the effect of potassium fertilizer on the values of water use
efficiency, results of Table (8) show that foliar spray of potassium increased
the water use efficiency values. Such results may be due to the higher grain
yield more than the increase in water consumed by maize piants. In this
respect Welch and Flannery (1985) concluded that potassium supply
increased water use efficiency.

Regarding the interaction effect between water stress and foliar spray
of potassium on water use efficiency values, results show that the maximum
value was gained from treatment received irrigation at 55-60 % deplaetion in
A.5.M. and sprayed with 3 % K,O.

CONCLUSION

Fig (1) emphasizes clearly that the maximum grain yield of maize
was gained from wet treatment which was irrigated at 35 — 40 % depletion in
available water and received 3 % K,O as foliar spray. However, it could be
concluded that medium irrigation freatment i.e. irrigated at 55-60 % depletion
in A.5.M. and received 3 % K;QO seemed to be more efficient with respect to
water use.

‘ B2 Grain yield {(ard \ led ) T3 Waler consumplive(em]  ~—d—WWaler use eficiency Kgim3 ' l

( |

70 6 -
7 o0
E 50 . E
o 40 1755
0 :
n =,
a fg 115 %

ok

Trealment

" Fig ( 1 ) Effect of the interactionbetween available sojl waler and foliar

spray of potassium on grain and some water relation of maize plants.
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