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ABSTRACT _

This investigation was carried out at Sakha Agricultural Research
Station, Kafr El-Sheikh, Governorate during the two successive seasons
2000/2001 and 2001/2002 to study the effect of different irrigation intervals
ie., every 21, 28 and 35 days and foliar spray with potassium in form of
potassium sulphate (48% K;0) at rates of 0, 1% and 2% KO on the
productivity and some water relations of wheat plants cv. Giza 168. Plants
were sprayed three times at 40, 70 and 100 days from sowing. The main
results are summarized as follows:

eat plants irrigated at short intervals (21 days) sxgmﬁcantly
increased plant height. number and weight of grains/spike, 1000-grain
weight, number of spike/mz, harvest index, grain, straw and biological yieids
kg/fed. Foliar application of potassium significantly increased all the
previous traits with raising potassium  levels from zero to 2% K,O.
However, plant height, 1000-g:ain weight and harvest index was not
significantly affected by the different potassium rates.

Seasonal water coasumptive use increased with the decrease of
irrigation intervals. Maximum water use efficiency was recorded from
infrequent irrigation every 35 days. Seasonal water use was slightly
increased by increasing potassium levels gradually. The highest water use
efficiency value resuited from applying potassium as spray at 2% K,O.

S}gmﬁcant positive correlation was detected among grain yield with
No. of spikes/m?, weight of grain/spike, 1000-grain eight and water use.
Significant negative correlation was tound between water use efficiency and
each of grain yield, No. of spike/m’, weight of grains/spike, 1000-grain
weight and water use.

The direct and indirect effects for grain yield and some traits
revealed that water consumptive use was the most variable contributing to
grain yield. .

Key words: Wheat, irrigation intervais, water consumptive use, water use
efficiency, potassium.
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INTRODUCTION

Wheat is considered the main winter crop grown in Egypt. Great
efforts have been made to minimize the gab between production and
consumption.  Crop production is dependent on various factors such as
water, nutrients and cultivation high yielding cultivars. The knowledge of
optimum irrigation intervals is essential for economic water use efficiency.
Abd El-Mottaleb (1978) found that applied six irrigations caused maximum
grain and straw yield of wheat plants, compared with given two irrigations.
Metwally et al. (1984) indicated that mean values of seasonal consumptive
use by wheat were 40.97, 35.23 and 31.62 cm at Sakha for irrigation at 25,
50 and 75% SMD. They added that better and higher yields of grain or straw
were obtained when irrigation at 25 and 50% deficit took place. Ghanem et
al. (1990) found that five irrigations increased wheat grain yield by 20%
over three irrigations. Shahin and Mosa (1994) showed that grain or straw
yield, seasonal watei use or water use efficiency of wheat linearly decreased
by increasing the duration of irrigation cycles up to 28 days. Abo-Shetaia
and Abdel-Gawad (1995) mentioned that vield of grains was decreased
when wiicai plants was subjected to water strgss at heading stage by 29.10%
compared to well irrigated treatments. El-Bably (1998) found that irrigation -
wheat plants at 50% soil moisture depletion significantly increased plant
height, 1000-grain weight, harvest index, grain and straw yields. Values of
water consumptive use were 38.50,31.56 and 24.16 cm for the 50, 70 and
90% soil moisture depletion, respectively. He added that the highest value of
water use efficiency was obtained with irrigation at 70% depletion of
available soil moisture. Abul-Naas et al. (2000) indicated that wheat plants
received four irrigations significantly out yielded those received three, two
or one irrigation. Oweis et al. (2000) concluded that irrigation wheat crop
had evapotranspiration (ET) of 304 to 485 mm with grain yield of 170 to
5000 gm. Abo-Warda (2002) found that at El-Bustan area, irrigation wheat
plants at 458 mm and 223 mm of water significantly increased the yield and
its components compared to 208 mm #rrigation level. Also, he observed that
water use efficiency progressively decreased with increasing irrigation
levels.

Potassium is one of essential elements in plant nutrition. Enhances
many nutrients uptake especially-nitrogen, improving many physiological
growth processes and promotes CO, assimilation (Mengel and Kirkby,
1987). Montanee (1989) concluded that a single foiiar K application on any
day between the 50% tasselling date and days later increased yields and
sweetness of supersweet corn. He added that foliar K affected maize by
stimulating chlorophyll synthesis. Sakar and Banayopadhyay (1991)
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indicated that foliar spray with KNO; (0.5%) at flowering stage increased
...grain_yield by (4.5%) and straw:yield by (3.2%). Hake (1991) reported that
foliar K application can delay plant leaves senescence. Ebrahiem’er al.
(1993) pointed out that using potassium as foliar sprays on citrus trees
resulted in the greatest growth, fruit set and yield. Abd El-Aal et al. (1995)
reported that seed cotton yield and most of its attributing variables increased
by foliar potassium application at 1% K,O solution at flowering stage. El-
Habbasha ef al. (1996) stated that treating pea plants by foliar application of
K resulted in increase in the yield. Abou El-Defan et al. (1999) found that
spraying wheat plants with 1.5% KO increased significantly 100-grain
weight, grain and straw yields compared with control.

Therefore, the present investigation was designed to study the effect
of irrigation intervals in combination with different levels of foliar spray of
potassium on yield and yield components as well as some water relations of
wheat crop c.v. Giza 168. :

MATERIALS AND METHODS

This investigation was conducted during two successive seasons of
2000/2001 and 20012002 at Sakha Agricultural Research Station, Kafr El--
Sheikh Governorate. The soil of the experimental field was clayey in
texture, the particle size distribution was 49.84% clay, 25.93% siit and
24.23% sand. EC and pH of the soil in the saturated soil paste were 2.35
dSm™ and 8.12, respectively they were determined by the method given by
Page et al. (1982).

The experiment was laid out in a split-plot design with four
replications. The main plots were devoted to irrigation intervals i.e. every
21, 28 and 35 days. The sub-plots presented three potassium concentrations
(0, 1% and 2% K>0) in form of potassium sulphate (48% K,0) were applied
as foliar spray. The size of each sub-plot was 52.5 m’ (7 x 7.5 m). Plots
were isolated by ditches of 1.5 m in width to aveid lateral movement of
irrigation water to adJacent plots The precedmg crop was sunflower in both
seasons.

Wheat grains of Giza 168 were dnlled in rows 15 cm apart using dry
method of pianting on November 25 and 20 of the first and second season,
respactively.- Al plots received 30 kg P205]fed as calcium superphosphate
(15% P,0s) before planting. Nitrogen fertilizer at the rate of 75 kg N/fed., as
urea 46.5% N was applied before the firstiirrigation (30 days from sowing).
Plants were sprayed with potaSsrum fertilizer three times at 40, 70 and 100
days after sowing; the volume of water used in spraying potassium fertilizer
is 300 Effed. Irrigation mtewals were started after the first irrigation (30



N

528 El-Sabvagh, A.A.; et al-

days from sowing). All other cultural practices of giowing wheat were
follawed as recommended.

At harvest, plant height (cm), number of spike/m®, 1000-grain
weight, number of grains and weight/spike and harvest index were recorded.
Grain, straw and biological yields (kg/fed.) were determined from a central
area of (21 m?) to avoid any border effect. The harvest date was 10 and 15
May 2001 and 2002, respectively.

Soil-water relations:

Soil moisture content was gravimetrically determined in soil sampies
taken to depths of 60 c¢m in consecutive 15 cm layers. Soil samples were
also collected just before each irrigation, 48 hours after irrigation and at
harvest time tc estimate water consumptive use. Field capacity was
determined in the field (Garcia, 1978). Permanent wilting point and butk
density were determined according to Black (1965) to a depth of 60 cm. The
average values are presented in Table (1).

Table (1): Soil water constants for the experimental site.

Soil depth Field capacity | Permanent wilting| Bulk density
cm % _point % pm/cm’
0-15 46.12 25.07 1.10
15-30 40.80 22.17 1.18
30-45 38.00 20.65 1.27
45-60 35.20 19.15 1.32
Mean 40.03 21.76 1.22

Water consumptive use (WCU):
Water consumptive use was calculated using the following equation
(Hansen et af., 1979).
t=4
CU= > D;xDyix PW,-PW,/100

i=1

Where:
CU = water consumptive use (cm) n the effective root zone (60
cm). ‘
D; = soil layer depth = i5cm
Dy = soil bulk density, {g/cm’) for this depth.
PW; = soil moisture percentage before irrigation.
PW, = soil moisture percentage, 48 hours after irrigation.

i = number of soil layer (15-cm).
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Water use efficiency (WUE):
It was determined as the ratio of grain yield (kg) to water
consumptive use (cm) according to Hatfield et a/. (2001).

Statistical analysis:

The data were subjected to the proper statistical analysis of variance.
The combined analysis was conducted for the two seasons according to
Snedecer and Cochran (1980).The differences between the mean values
were compared by Duncan’s multiple range test (Duncan, 1955). Also, a
simple correlation coefficient among the grain- yield and some traits was
computed according the method described by Snedecor and Cochran (1980).

Path coefficient analysis as suggested by Wright (1921) and
illustrated by Dewey and Lu (1959) was used to portion coefficient of
correiation between grain yield and each variable into direct effect and
indirect effect. ‘

The relative contribution {R.C. %) of direct effect for each variabic
to the total direct effect for all variable was estimated according to the
following equation (Li, 1956).

o IS
RC. %= -3
2.|DE;|
Where: :
DE; = Direct effect for each variable.
2.DE; = Sum of direct effect for all variables.

Path diagram in Fig. 1 showed the causal relationships between the
response variable, yield (xs) and the five variables, No. of spikes/m? (x1),
weight of grains/spike (xz), 1000-grain weight (x3), water consumptive use
(x4) and water use efficiency (xs). _

‘Path analysis are presented by Pjs, P;s, P3s, P45 and Pss which
correspond to direct effect on yield from x,, X2, X3, X4 and xs. For any two
variables (e.g. x; and X;), the correlation between them (e.g. r12) is
presented in Fig. 1. '
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Fig. (1): Path analysis between yield and some \fariab}es.

RESULTS AND DISCUSSION
L Yield and yield attributes:

Mean values of all studied traits as affected by irrigation intervals and
foliar spray with potassium are presented in Table (2). Combined analysis
showed that irrigation intervals gave significantly the highest average of plant
height, number and weight of grains/spike, 1000-grain weight, number of:
spikes/m’, grain yield kg/fed., straw yield kg/fed., biological yield kg/fed. and
harvest index. On the other hand, the lowest mean values were produced by
prolonging irrigation interval up to 35-day. These results could be explained
that sufficient 50il woisture in the root zone enhanced the vegetative growth
resuiting in taller plants and increased all metabolism processes in plant
which led to an increase in dry matter accumulation in the different plant

‘organs. Similar results were obtained by Abd El-Mottaleb (1978), Shahin and

Mosa (1994), El-Bably (1998) and Abo-Warda (2002). They reported that
yield of wheat and its components increased. significantly as the availability of
moisture increased.

Results in Table (2) indicate that foliar spray wheat plants with
potassium at a ratc of 2% K.0 mgmﬁcantly increased number and weight of
grains/spike, number of spike/m’, straw, grain and biological yields kg/fed.
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by 3.83, 4.22] 4.11, 18.34 and 10.91%, respectively, as compared to the.
- untreated plants. However, plant height, 1000-grain weight and harvest
index were not large enough to reach the level of significance. The present
results may be due to the favourable effect of potassium on photosynthetic
activity which account much for high translocation of photoassimilate from
leaves to the fruits. Additionally, improving many physiological growth
processes and delay leaves senescence. These finding were in line with those
obtained by Sakar and BandyOpadhyay ( 1991) Abd El-Aal et al. (1995) and
Abou El-Defan er al. (1999). :
No significant effects were detected with any of the interactions
among the two variables studied.

Table (2): Yield and its components of what as affected by irrigation
intervals and foliar apphcatlon with potassium over the two

. growmg seasons.
Variable Plant | No. of | Weight | 1000 | No. of Straw | Biological | Harvest | Grain
height | grain/ | of grains/{ grain | spikes/ yield vield index yield
spike | spike | weight| m? kg/fed. kp/fed. kg/fed.
Irrizais - treatments: T )

21-day intervals { 96.0a| 57.5a 26a 4943 }2028a| 3416.0a | 5564.8a | 0.386a { 214882
28-day intervals | 94.0b] 56.2b 25b 48.2b | 191.9b] 32983 b | 5291.1b [0377ab| 1992.8b
35-day intervals | 92.1a] 543¢| 23¢ [472¢|179.0¢| 30857¢ | 480i.4c | 0.357b | 1715.7 ¢
K-application

Control 93.5a}548b) 24b | 482a1875¢c| 29820 c | 48363<¢c | 0.383a | 1854.2¢
1% K0 - 942al| 563a| 25a [483a|I191.1b] 3288.9b | 52355b [ 0.372a | 194660
2% K0 944a] 56%9a| 25z 483 ¢ ]1195.2a] 3529.0a | 5585.5a | 0368 a | 2056.5a
Interactions: ‘ . a

Irrigation x years | NS NS NS - NS NS N5 NS¢ NS NS

K x years “NS§ NS NS NS N§ N$§ NS NS NS
Irrigation x K NS NS NS NS NS ). NS NS NS NS
Irrigation x years | NS NS NS NS NS |- NS§ NS NS NS

* Mean designated by the same letter at each column are not significant different at 5% level according to-
Duncan's multiple range test.
* NS Indicate Not significant.

II. Soil water relation: _
1. Water consumptive use (WCU): : .
Water consumptive use by wheat as affected by irrigation intervals
and foliar spray with potassium: are shown in Table (3). The data revealed .
that the highest water use was 39.63 cm attained under frequent irrigations :
(21 days) whereas the least value was 27.64 cm, obtained under prolonged
irrigations intervals (35 days). This finding show that the increase in water
consumptive use depends on the available soil moisture in the root zone.
When soil moisiure was kept wet by frequent irrigations, higher seasonal
water use was attained. These results may be attributed to the availability of
soil moisture to plants in addition to the High evaporation opportunity from a
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wet rather than a dry soil surface. In this respect, Russell (1975) concluded
that the amount of water transpires depends on the amount of water
available to the crop, the period of the dry in which the stomata of leaves are
open and the solar energy falling on the crop. The highest value for monthly
water use recorded in March due to grewth development and to high
temperature through this period. The above mentioned results are in line
with reported by Metwally (1984), Shahin and Mosa (1994), El-Bably
(1998) who found that water consumptive use of wheat increased by
increasing the availability of soil moisture in the root zone.

Table (3): Monthly and seasonal water consumptive use of wheat as
affected by irrigation intervals and foliar spray of potassium
(average of the two seasons.

Irrigation K Monthly rates (cm) Seasonal
treatments | application| Nov. | Dec. | Jan. | Feb. | March| April | May | rates (cm)
ZI-day Control 073 1328 527166611030 BO8 | 3.54 38.76
ivteivals | 1% K0 | 073 1328 577 | 6.831 1034} ©.17 | 3.81 | 39.93

2% KO 0.73 | 3.28 | 5.82 | 6.881 10.41 | 9.21 3.87 . 40.20

Mean 073 | 3281 5.6216.79] 1035 9.12 3.74 39.63
28-day Control 073 | 3281 467 1 5.831 951 | 7.11 3.18 |. 3431
intervals 1% K,O 073 | 3.281 489591} 974 | 738 | 3.26 35.19
2% K50 0.73 | 3.28 | 495 ] 6.01 | 9.89 7.51 3.40 35.717
Mean 0.73 28| 4841592 971 | 7.33 | 3.28 35.09
35-day Control 0.73 | 3.28} 3.70 [ 4.72| 7.08 | 4.70 | 3.03 27.24
intervals | 1% K,O 0.73 | 32813757480 7.13 | 4.86 | 3.04 27.59
2% K,0O 0.73 | 328} 38314.89] 724 | 458 | 3.15 28.10
Mean 073 | 3.28) 376 1 4.80| 7.15 | 4.85 | 3.07 27.64
Overall mean 073 | 3.28 | 4.74 { 5.84| 9.07 | 7.10 | 3.36 34.12
Total K-application average cm Contral =33.44, 1% K,0: 34.24, 2% K,0 = 34.69

Results in Table (3) indicated that spraying wheat plants with
potassium caused a slight increace in seasonal water use. A gradual increase
in water use by wheat was observed as K concentration increased. this
finding means that additional potassium may promote water uptake and
consequently water use. Zeiger and Helper (1977) stated in that KK
accumulates in the guarded cells of stomates during day time to cause their
opening which is accompanied by increasing the rate of transpiration and
consequently increasing water uptake.

2. Water use éfﬂciency (WUE):
Water use efficiency is expressed as kg grains/cm of water
consumed. Data obtained are given in Table (4). Mean values were found to
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be 54.21, 56.77 and 60.73 kg grains/cm of water consumed for wheat plants
irrigated every 21, 28 and 35 day intervals, respectively. Maximum WUE
was recorded from infrequent irrigation intervals (35 days). The lowest
WUE resulted from short irrigation interval (21 days). This finding may be
attributed to the highly significant differenice among grain yield of what as
well as the difference between the water use. Similar results were reported
by Shahin and Mosa (1994) and Abo-Warda (2002) who stated that WUE
tended to decrease with the increase in water retained in the root zone.

Table (4): Water use efficiency (kg grains/cm of water consumed) as

affected by irrigation intervals and foliar application of
potassium (average of the two growing seasons).
Irrigation K-application Irrigation
treatments Control 1% K>0 2% K70 mean
21-cay intervals 53.04 de 53.58 de 56.00 ¢ 5421c¢
28-day intervals 34.07d 56.65¢ 59.59b . 56.77b
35-day intervals 59.55 b 60.74 ab 61.87 a 60.73 a
K application mean| 55.57 ¢ 36.99b 59.15a

As for the effect of foliar spray of potassium, data in Table (4)
showed that WUE of wheat significantly increased as K level increased. The
increase percentages amounted to 2.56 and 6.44% as K-application rate
increased from zero to 1% and 2% K30, respectively. This finding could be
attributed that increasing K-application may enhanced wheat growth and
increased grain yield and consequently WUE. Similar results were reported
by Weich and Flannery (1985) who found that increased K supply increased
water use efficiency of corn plants.

Insignificant effect of interactions was obtained except the
interaction between irrigation and potassium was statistically significant
(Table 4). The highest value of WUE was obtained from watering every 25-
day intervals with spraying 2% K;0O. The lowest one resulted from irrigation
every 21 days without K application.

Statistical studies:

The relationships between grain yield kg/fed. and some characters of
wheat plant are given in Table (5). The data showed that grain yield was
positively associated with no. of spikes/m’, weight of grains/spike/ 1000-
grain weight and water consumptive use. This finding indicates that
selection for one or more of these characters would be accompanied by high
grain yield. However, water use efficiency was significant negative
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correlation with grain yield/fed., no. of spilges/mz, weight of grains/spike,
1000-grain weight and water consumptive use. This results could be due to
the effect to water deficit.

Table (5): Simple correlation among grain yield/fed. and No. of spikes/m?,
weight of grains/spike, 1000-grain weight, water consumptive
use and water use efficiency (average of the two seasons).

Variables Grain No.of | Weight of | 1000-grain Water Water use
yield/fed. |spikes/m?|grains/spike| weight | consumptive | efficiency
: use
Grain yield/fed. t
No. of spikes/m? 0.965** 1
Weight of grains/spike | 0.962** | 0.940%* 1
1000-grain weight 0.893%% | 0.949%*| 0.914** 1
Water consumptive use | 0.929%* | 0.960** | 0.927*+ 0.984++ 1
Water use efficiency -0.552*% | 0.663**] -0.597** | -0.828** -0.819% 1

** sipnificant at 0.01 level.

The direct and indirect effect of some characters studied on gram
yield/fed. are shown in Table (6). The available results revealed that water
consumptive use had the greatest direct effect on yield (1.702), and that the
indirect effect of water consumptive use was always stronger than the
indirect effect of water consumptive use on yield via No. of spikes/m?,
weight of grain spike, 1000-grain weight and water use efficiency.

Table (6): Direct (underlined) and indirect effects of No. of spikes m?,
weight of grain/spike, 1000-grain eight, water consumptive use -
aud water use efficiency on grain yield for wheat Giza 168. The
direct and indirect effects of a particular comiponents are within

arow.
Variables No.of | Weight | 1000- Water Water use l Corretation
spikes/ lofgrains/| grain | conswmptive | efficiency {r)

m’ spike | weight use | with yield
MNo. of spikes/m’ -0.047 0.008 ] -0212 1.634 -0.418 0.965%*
Weight of grain/spike -0.044 4.008 -0.204 1.578 -0.377 0.961**
1000 grain weight -0.045 0.008 | -0223 1.675 -0.522 0.893%*
Water consumptive use | -0.045 0.008 -0.219 L7102 -0.517 0.926
Water use efficiency 0031 | 0005 | 0185 -1.394 0.631 | -0.541%*

** gignificant at 0.01 level .
For example, the direct effect of No. of spikes m'? on grain yicld was -0.047. the indirect effest of No.
. of spikes/m? on grain yield via weight of grains/spike was 0.008.



J. Agric. Res. Tanta Univ., 28(4) 2002 | 535

Therefore yield is strongly affected by the direct effect of water
consumptive use. In addition to yield was affected by the indirect effect of
No. of spikes/m’, weight of grains/spikes, 1000-grain weight and water use
efficiency on yleld via water consumptive use.

The data in Table (7) indicates that water consumptlve use recorded
the highest relative importance value of 86.54% as estimates of its relative
contribution to the total variation of grain yield. Therefore, water
consumptive is considered the important factor affecting wheat productivity
(Ehadie and Waines, 1993 and Ehdaie, 1995).

In general, water consumptive use is essential vanable to ensure
early canopy cover and increase crops ability to extract soil water and
nutrition, which may increase crop growth and grain yield as well.

Table (7): Relative contribution (R.C.) of Ne. of ‘spikes/m?, weight - of
grains/spike, 100C-grain weight, water consumptwe use and
water use effictency to grain yield/fed.

Variables Directed effect DE* R.C.

DE) -
No. of spikes/m* 0.047 0.002' 0.06
Weight of grain/spike 0.008 .. | 0.0l 0.33
1000-grain weight 0223 0.050 1.50
C.U. 1.702 2.896 86.54
WUE 0.631 0.398 11.80
Total 2611 3.347 100
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