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ABSTRACT

Two field experiments were performed in the Agricultural Farm of Sids Agricultural Research Station, ARC, Beni-Suef
Governorate during two seasons of 2016 and 2017 to evaluate using foliar spraying of 2% mono-potassium sulphate or di-potassium
sulphate twice for minimizing the use of chemical potassium fertilizer (0.0, 50 and 100 kg K,SO, /fed) under different doses of organic
manure (0.0, 2.5 and 5 t/fed chicken manure )and its effect on maize productivity, namely, growth parameters (plant height and dry
weight/plant), yield components (number of rows/ear, number of grains/row and 100-grain yield), grain and stover yields and NPK
uptake as well as some soil chemical properties, i.e., pH, EC,OM and soil available NPK. The results indicate that increasing level of
organic manure was significantly increased maize growth, yield and its components and NPK uptake, also it improved all studied soil
properties, except soil salinity which increased with increasing manure levels. Foliar spraying of di-potassium sulphate surpassed mono-
potassium sulphate on maize productivity. Increasing the level of chemical potassium sulphate as soil application enhanced maize
productivity and soil available K after harvest. Added 50 kg/fed potassium sulphate + foliar spraying of 2% di-potassium sulphate twice

+ 5t chicken manure/fed give highest maize productivity.

Keywords: Maize, growth parameters NPK uptake, mono-potassium sulphate, di-potassium sulphate, chicken manure and chemical

soil properties.
INTRODUCTION

Among the cereals, maize (Zea mays L ) ranks third
crop after wheat and rice. It providing nutrition to humans as
well as livestock and poultry. It constitutes an important
source of carbohydrates, vitamin B and minerals. It is used
in the form of bread, cake and porridge in many parts of
Asia, Africa and America (Bukhish ef al, 2003). Maize grain
contain about 71% starch, 9% protein, 4.5 oil, 8.5% fiber
and 7% ash (Hurburgh, 1989 and Chaudhary,1993). Maize is
very efficient utilizer of solar energy and has immense
potential for higher yield. It is the stable food crop and the
base of the most rural diets, as well as a cash crop. In poor
communities, it is the main source of calories and protein, as
well as the primary weaning food for babies. In developed
countries, maize is consumed mainly as second.

Potassium is an important nutrient for improving
the crop yield per unit area. It is vital for physiological
processes, water availability, photosynthesis, assimilate
transport and enzyme activation with a direct effect on crop
production. Potassium deficiency reduces the leaves
number and size of individual leaf as a result,
photosynthetic activity of plant was affected (William,
2008). If potassium is inadequate, the stomatal activity
decrease and transpiration loss increases. Grain yield
increases by enhancing the uptake of potassium under the
arid condition (Damon and Rengel, 2008). Generally, soils
have large capacity to provide K to crop plants under
normal conditions (Ranjha et al, 1990), but increase in
cropping intensity, extensive removal of plants from the
field and introduction of high yielding hybrid varieties are
resulted in considerable exhaust of soil K (Malik et al,
1989). The price of potassium fertilizers is getting higher
and becoming unaffordable by formers, consequently,
foliar spraying of potassium is more suitable target oriented
and economical technique for increasing the fertilizer use
efficiency and grain yield over soil application.

Organic fertilizer is one of the most limiting factors
for wvertical and horizontal agricultural production,
especially under Egyptian conditions (Saleh et al, 1997).

Organic manure can increase soil productivity by
providing essential plant nutrients and by improving soil
physical properties. When compost are incorporated into

soil, a gradual assimilation occurs through chemical and
biological reactions. Mineralization of manures release
nutrients for plant uptake. Organic manure amendments
are expected to improve soil physical and chemical
conditions (Ali, 2001). Also, organic manure generally
increased the ability of the soils to held moisture, expanded
the available water capacity and decreased the modulus of
rupture of compacted soil (Nidal, 2003).

This investigation was conducted aiming to explore
the effect of foliar application of mono- and di-potassium
phosphate in comparing with application of potassium
sulphate as soil application under different level of organic
manure on maize productivity.

MATERIALS AND METHODS

Two field experiments were conducted at the
Experiment Farm of Sids Agricultural Research Station,
ARC, Beni-Suef Governorate in 2016 and 2017 seasons to
evaluate the effect of different levels of chemical potassium
fertilizers as soil application, i.e., 0.0, 50.0 and 100.0 kg/fed
potassium sulphate (48% K,O) and foliar spraying of
different sources of potassium fertilizers at rate of 2% twice (
without, mono-potassium phosphate; 0.0, 50.0 and 34.0 and
di-potassium sulphate; 0.0, 40.0 and 52.0% N, P,Os and
K50, respectively) under different chicken manure levels
(0.0, 2.5 and 5.0 t/fed) on growth, yield and yield
components and N, P and K uptake of maize. Experimental
soil was clay in texture with slightly alkaline in reaction,
having low organic matter, low in available nitrogen and
phosphorus and moderate in available potassium (according
to A.O.A.C, 1975). The experimental design was split-split
design in complete randomized block, where chicken
manure levels were allocated in main plots and chemical
potassium fertilizer treatments as soil application were
devoted in sub-plots, while foliar spraying of potassium
treatments were done in sub-sub plots. The preceding crop is
wheat the two seasons all other agricultural practices were
applied as usually done in the district.

Organic manure treatments were added before
planting during land preparation. Table 1: indicate the
chemical composition of chiken manure used in the
experiment .Soil application of potassium treatments were
applied in two equal doses, before first and second
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irrigation, while foliar spraying treatments were done twice
after month from planting and after one month later.
Nitrogen fertilizer was applied for all plots at rate of 75
kg/fed as ammonium nitrate (33.35% N) in two equal
doses before the first and second irrigation, while
phosphorus fertilizer was added for all plots before sowing
at rate of 22 kg P,0Os/fed as mono-calcium superphosphate
(15.5% P,0s).

Table 1. Chemical composition of the used chicken
manures (according to A.Q.A.C., 1975).

Chemical composition 2016 2017
pH (1:2.5 chicken manure-water suspension) 771 778
Ec,dSm (1:5 chicken manure-water extraction)  6.19  6.55
Total organic matter (%) 53.36 56.19
Total organic carbon (%) 30.95 32.90
Total nitrogen (%) 215 223
Total phosphorus (%) 039 041
Total potassium (%) 096 092
C/N ratio 1/144 1/14.8

Maize grains of Single cross 10 were sown in 15"
and 17" June in the two growing seasons, respectively. The
experimental plot consisted of five ridges 3.5 meters in
length and 60 cm apart (10.5 n’, 1/400 fed).

At harvesting, 10 ears and plants were randomly
taken from each plot to determine growth characters (plant
height, cm and dry weight/plant,g); yield components
(number of rows/ear, number of grains/row and 100-grain
weight in gram). Also, grain and stover yields were
determine for all plots and converted to ardab and ton/fed,
respectively. N, P and K concentration in grains and stover
were determined (according to A.O.A.C ,1975) and
converted to NPK uptake.

RESULTS AND DISCUSSION

Growth parameters:

Data in Table 2 show the response of maize growth,
namely, plant height and dry weight/plant to soil and foliar
application of potassium under chicken manure application.
As the main affect of K-soil application, the results clearly
show that plant height and dry weight were significantly
increased as potassium levels increased up to 100 kg K-
sulphate/fed. Added 100 kg K-sulphate/fed as soil application
caused plant height and dry weight/plant surpassed that due
to without K fertilization by about 4.5 and 4.7%, respectively
in the first season. The corresponding values for dry
weight/plant were 4.7 and 3.9% in the second season.

Table 2. Response of maize growth to soil and foliar spraying of potassium under chicken manure application.

Potassium foliar spraying (C)

Chicken

K-sulphate manure Plant height (cm) Dry weight/plant (g)
(ke/fed) (t/fed)  without mono-k di-K mean without ~Mene-K di-K mean
A) ®) phosphate  phosphate phosphate  phosphate
2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
00 1553 156.6 1603 1609 1632 163.7 159.8 1602 60.33 61.61 63.16 63.3565.16 66.11 62.88 63.69
00 25 1614 163.7 1672 167.8 1690 1682 1656 1668 64.17 6492 6526 65.76 67.03 67.31 6549 66.00
) 50 1669 167.5 170.5 1709 172.6 172.5 1700 1703 67.93 68.33 70.63 71.03 73.17 7335 70.58 70.90
mean 1612 162.6 166.0 166.5 1683 168.1 165.1 1658 64.14 64.95 66.35 66.71 6845 68.92 6631 66.86
00 1637 1655 168.1 1688 1699 1689 1669 168.1 63.13 6421 67.33 66.56 67.25 66.70 65.90 65.82
500 25 1678 169.1 1713 1727 1741 172.1 1704 172.0 67.69 68.56 71.15 70.34 71.93 7021 70.26 69.70
' 50 1723 1756 1767 177.1 1793 178.7 1759 1773 69.18 7036 73.06 73.19 73.18 73.06 71.81 72.20
mean 1679 170.1 172.0 1729 1744 1732 171.0 1725 66.67 67.71 70.51 70.03 70.79 69.99 69.32 69.24
00 1685 1686 1687 1689 1699 1689 1687 169.1 63.23 64.51 67.36 66.62 67.36 66.69 65.98 65.94
1000 25 1713 1723 1713 1735 1743 1723 1716 1734 67.72 69.37 7130 70.70 71.96 70.35 70.33 70.14
) 50 1756 1786 176.7 177.8 1788 179.1 177.1 1784 69.2570.64 7322 73.257336 73.19 71.94 72.36
mean 171.8 1732 1722 1734 1743 1734 1725 173.6 66.73 68.17 70.63 70.19 70.89 70.08 69.42 69.48
mean of chicken 00 1625 163.6 1657 1662 167.7 167.1 165.1 1658 6223 6344 6595 65.51 66.59 66.50 64.92 65.15
manure 25 1668 1684 1699 171.3 1725 1709 1692 170.7 66.53 67.62 69.24 68.93 70.31 69.29 68.69 68.61
50 1716 1739 174.6 1753 1769 176.8 1743 1753 68.79 69.78 7230 7249 7324 7320 7144 71.82
mean of foliar without 167.0 168.6 65.85 66.94
spravin mono-K 170.1 1709 69.16 68.98
prayims di-K 1723 1716 70.04 69.66
LSD.at0.05 A 3.16 3.75 135 146
B 255 247 1.06 125
C 336 3.04 1.62 1.68
AB NS NS NS NS
AC NS NS N.S NS
BC NS NS N.S NS
ABC 401 385 195 2.00

It is obvious to notice that the difference between the
effect of 100 and 50 kg K-sulphate on plant height and dry
weight/plant not reach to the significance value. The
increment of maize growth due to increasing potassium levels
may be attributed to K effects on one or more of the
following  physiological functions: (a) carbohydrate
metabolism or formation breakdown and translocation of
starch, (b) control and regulation of activities of various
essential elements, and (c) activation of various enzymes

(Zorkany, 2014). The results are in harmony with those
obtained by Sidrak (2007) and Ali ez al (2016).

As for foliar spraying of potassium, the data reveal
that foliar spraying of both mono- or di-potassium phosphate
had a positive effect on maize plant height and dry weight
comparing with without foliar spraying. The relative
increasing of plant height due to mono-potassium phosphate
or di-potassium over without foliar spraying reached to 1.9
and 3.2% in the first season, respectively.
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Similar trends were obtained for the second season
and for maize dry weight/plant in the two seasons. It is
worthy to observed that the difference between the effect of
the two foliar spraying treatments on plant height and dry
weight/plant was not reach to significance value. The
promoting effect of foliar spraying of potassium is probably
may be due to the activation of enzymes that helped the
plants to increase their heights and weights. Moreover,
Amanulla et al (2015) stated that foliar nutrition under semi
arid climates not only applied nutrients, but also beneficial in
terms of providing water to crop. Also, foliar K application is
particularly well adapted to this form of fertilization because
soon foliar spraying takes place and rapidly translocate from
the leaves (Mengel, 2002). Similar results were obtained by
Hu et al (2008) and Khan ef al (2017).

With regard to chicken manure application, the data
in Table 2 clearly show that increasing chicken manure level
from 0.0 up to 5.0 t/fed increased both plant height and dry
weight/plant. Added 5.0 t chicken manure/fed increased both
plant height and dry weight/plant by about 3.0 and 5.6% for
plant height and 3.8 and 4.0 and 10.0% for dry weight plants
in first season over 0.0 and 2.5 t/fed chicken manure
respectively. Similar trends were obtained in the second
season. The positive effect of chicken manure on maize
growth is mainly due to chicken manure contain lot of
nutrients, having high content of organic matter (Tablel)
which in turn improved soil chemical and physical properties
(Singh and Yadav, 1986) These results are in line with those
obtained by Abd-Elattif (2007) and El-Sheref (2012).

The data of the interaction between any two factors
and among the three factors. Clearly show that maize growth
did not respond to the studied interactions, except the

interaction among the three factors. The tallest and heaviest
maize plants were recorded under the treatment of 50 or
100kg potassium sulphate as soil application + 2% foliar
spraying of di-potassium phosphate twice + 5.0 t/fed
compost. Whereas, the treatment of without potassium,
whether soil or foliar application and without manuring gave
the shortest and lightest plants.

Yield components:

Maize yield components, i.c., number of rows/ear,
number of grains/row and 100-grain weight as affected by
potassium applied as soil or foliar application under chicken
manure application and their interactions is presented in
Table 3. As the main affect of soil potassium fertilization, the
data show that number of rows/ear, number of grains/row and
100-grain weight were significantly affected by increasing
soil potassium fertilization up to 100 kg K-sulphate/fed. The
weight of under 100 kg/fed potassium sulphate. The relative
increasing in number of rows/ear, number of grains/ear and
100-grain weight caused by 100 kg/fed K-sulphate reached to
5.7, 2.6 and 1.8% over control in the first season and 5.8, 3.6
and 1.5% in the second one, respectively. The increment in
maize yield components as affected by increasing K level is
mainly due to the maximum availability of K that may have
increased photosynthetic activities and more dry matter was
accumulated and partitioned to the grains. In addition,
Mengel and Kirkby (1987) mentioned that K has important
role in improving water use efficiency which improved plant
growth and increase cell divition. Bukhsh et al (2009)
reported that maize produced maximum number of grains/ear
and increased grains weight due to increase in K level. These
results are in accordance with those obtained by Sadiq and
Jan (2001) and Akhtar ez al (2003).

Table 3. Response of yield components of maize to soil and foliar spraying of potassium under chicken manure

application.
Chicken Potassium foliar spraying (C)
K-sulphate Number of rows/ear Number of grains/ear 100-grain weight (g)
(kg/fed) "('t'/‘;::;; without mono-k  di-K mean without mono-k  di-K mean i out mono-k  di-K mean
A) ®) phosphate phosphate phosphate phosphate phosphate phosphate
2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
00 1213 1231 1358 1361 1395 1397 1322 1330 4333 4337 4372 4378 4391 439% 4365 4370 2811 2813 2841 2842 2865 2867 2839 2841
00 25 12331246 1391 1401 1441 1446 1355 1364 4391 4396 4413 4416 4478 482 427 4431 2853 2856 2892 2893 2008 2906 2883 2885
’ 50 12551261 1481 1473 1499 1508 1412 1412 4423 4429 4436 4441 4461 463 4440 444 2883 2886 2913 2915 2936 2939 2911 2913
mean 1234 1246 1410 1412 1445 1449 1363 1360 4382 4387 4407 4412 443 4447 4411 4415 2849 2852 2882 2883 2901 2904 2877 2880
00 1245 1250 1383 1386 1402 1408 1343 1348 4437 4442 4477 4481 4496 4497 4470 4473 2862 2866 2083 2886 2911 2917 2919 2890
500 25 1276 1280 1430 1436 1461 1466 1380 1394 4481 4490 4526 4529 4550 4557 4519 4528 2880 2891 2920 2926 2953 2956 2918 2924
) 5.0 1310 1313 1511 1516 1542 1546 1454 1458 4501 4526 4561 4568 4597 4599 4553 4564 2899 2903 2950 2952 2981 2986 2943 2047
mean 1277 1281 1441 1446 1468 1473 1395 1400 4473 4480 4521 4526 4548 4551 4514 4522 2880 2887 2951 2921 2948 2953 2926 2920
00 1326 1329 138 1387 1406 1411 1373 1376 4480 4483 4480 4882 4497 4499 4486 4621 2863 2867 2983 2880 2913 2919 2020 2892
1000 25 1402 1423 1435 1440 1466 1468 1434 1444 4503 4515 4529 4532 4556 4557 4529 4535 2880 2891 2921 2927 2954 2959 2918 2926
' 5.0 1486 1501 1511 1522 1553 1550 1517 1524 4526 4531 4566 4570 4598 462 4563 4568 2899 2904 2052 2953 2985 2987 2945 2048
mean 1405 1418 1444 1450 1475 1476 1441 1448 4508 4510 4525 4661 4550 4553 4526 4575 2881 2887 2052 2923 2951 2955 2928 2022
mean of 00 1261 1270 1376 1378 1401 1405 1346 1351 4417 4421 4443 4580 4461 4464 4449 4488 2845 2849 2836 2872 289 2901 2993 874
chicken 25 1304 1316 1419 1456 1456 1460 1393 1401 4458 4470 4480 449 4528 4532 4492 4498 2871 2879 2911 2915 2937 2940 2006 2912
manure 50 1350 1358 1501 1531 1531 1533 1465 1465 4483 4495 4521 4526 4552 4555 4519 4525 2894 2898 2938 2940 2967 2971 2933 2936
mean of  without 13.0513.15 44.5344.62 28.7028.75
foliar mono-K 14.3214.36 44.8445.33 29.2829.09
spraying  di-K 14.6314.66 45.1445.17 29.3329.37
LSD.at005A 024 023 036 038 022 023
B 0.35 030 031 035 032 034
C 021 020 026 025 0.36 039
AB NS NS N.S N.S NS NS
AC NS NS N.S N.S NS NS
BC NS NS N.S N.S NS NS
ABC 0.76 0.81 061  0.67 0.550.56
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Concerning the main affect of K as foliar spraying,
the data in Table 3 indicate that foliar spraying of
potassium had a positive effect on the three studied maize
yield components. It could be arranged the effect of foliar
K-fertilizer on yield components in the descending order as
follow: di-potassium phosphate > mono-potassium
phosphate > without foliar spraying. The superiority of di-
potassium phosphate than mono-potassium phosphate is
mainly due to the high

Potassium content in di-potassium phosphate 52%
K,0 than mono-potassium phosphate (34% K,0). The
positive effect of foliar spraying of K could be attributed to
its effect on maize growth as abovementioned discussed.
These results are similar to those obtained by Chemma et
al (1999) and Aown et al (2012).

Regarding the chicken manure affect, the results
clearly show that with increasing chicken manure level, the
yield component parameters of maize were increased. The
highest values of number of rows/ear, number of
grains/row and 100-grain yield were recorded under 5.0 t
chicken manure/fed, while no manuring yielded the lowest
ones. The enhancement of chicken manure on maize yield
components is mainly due to its positive effect on maize
growth as discussed earlier in Table 2. These results agree
with those obtained by Luikham ez a/ (2003) and Saleh and
Nawar (2003).

As the interaction affect, The data clearly show that
the three studied maize yield components were
significantly affected by the interaction among the three
studied factors ( AXBxC). In general, the highest values of
number of rows/ear, number of grains/row and 100-grain

weight were exerted under the treatment of 50 or 100 kg
K-sulphate as soil application + 2% foliar spraying of di-
potassium phosphate + 5.0 t chicken manure/fed. On the
other hand, the maize plants without soil or foliar spraying
and without manuring possessed the lowest yield
components of maize.

Yields:

Data in Table 4 represent the affect of soil and
foliar application of potassium and chicken manure and
their interactions on grain and stover yields. As for the soil
potassium application, it is evident from the data that grain
and stover yields of maize were significantly increased by
increasing the potassium fertilization level from 0.0 to
100.0 kg K-sulphate/fed in the two growing seasons. The
relative increasing in grain and stover yields due to 100 kg
K-sulphate/fed when compared to 0.0 and 50.0 kg K-
sulphate/fed reached to 4.6 and 1.7, and 15.7 and 12.8%
Jrespectively in the first season. The same trends were
obtained in the second season. The increment of maize
yields caused by soil potassium application is mainly due
to its affect on maize growth and yield components as
discussed before (Table 2 and 3). Furthermore, Yosefi et al
(2011) and Igbal et al (2014) reported That the enhanced in
grain and stover yields of maize resulted to K application
might be due to increased activity of growth promoting
hormones on the crucial role of potassium in synthesis of
carbohydrates,  photosynthetic ~ process,  nitrogen
assimilation and improved tolerance to drought. These
results are similar to those obtained by Khalil et a/ (2002)
and Zorkany (2014).

Table 4. Response of maize yields to soil and foliar spraying of potassium under chicken manure application.

Potassium foliar spraying (C)

K-sulphate Chicken Grain yield (ardab/fed) stover yield (ton/fed)
manure - :
(kg/fed) (t/fed) without mono-k di-K mean without mono-k di-K mean
(A) ®B) phosphate  phosphate phosphate  phosphate
2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
0.0 17.85 18.13 1921 1933 19.75 1986 1894 19.11 3.10 3.16 320 326 326 329 3.19 324
0.0 2.5 1836 1896 19.86 1995 2033 2041 1952 19.77 335 338 346 350 351 354 344 347
’ 5.0 19.17 19.66 2027 2046 20.70 20.83 20.05 2032 361 3.67 374 378 382 386 372 377
mean 1846 18.92 19.78 1991 2026 2037 19.50 19.73 335 340 347 351 353 356 345 349
0.0 1847 1899 19.79 19.86 20.05 2026 1944 19.70 347 351 3.63 367 371 375 360 3.64
50.0 2.5 19.15 19.69 20.13 2036 2044 20.75 1991 2027 375 382 394 398 416 419 395 4.00
’ 5.0 20.06 20.68 21.05 2129 2126 21.50 20.79 21.16 398 405 4.14 419 422 427 411 417
mean 1923 19.79 2032 20.50 20.58 20.84 20.04 2038 3.73 379 390 395 403 407 339 394
0.0 1946 1493 19.83 19.88 20.08 2029 19.79 1837 3.76 374 366 369 373 376 3.72 373
100.0 25 20.16 20.75 2025 2039 2046 20.81 2029 20.65 398 4.03 397 401 418 421 404 408
’ 5.0 20.85 2120 21.13 2132 21.27 21.59 21.08 2137 422 428 416 421 423 429 420 426
mean 20.16 1896 2040 20.53 20.60 20.90 2039 20.13 399 4.02 393 397 405 409 399 4.02
mean of 0.0 1859 17.35 19.61 19.69 1996 20.14 1939 19.06 344 347 350 354 357 360 350 354
chicken 2.5 1922 19.80 20.08 2023 2941 20.66 1991 2023 3.69 374 379 383 395 365 381 374
manure 5.0 20.03 20.51 20.82 21.02 21.08 21.31 20.64 2095 394 400 401 406 409 4.14 401 407
mean of without 19.28 19.22 3.69 3.74
foliar mono-K 20.17 2031 377 3.81
spraying di-K 20.48 20.70 3.87 391
LS.D.at0.05 A 027 029 0.09 0.08
B 032 034 0.26 0.20
C 029 032 0.07 0.08
AB N.S NS N.S NS
AC N.S NS N.S NS
BC N.S NS N.S NS
ABC 047 0.50 0.30 0.36
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As for foliar spraying of potassium, data indicate that
grain and stover yields were significantly affected by
potassium foliar spraying treatments. Maximum grain and
stover yields were obtained by maize plants under foliar
spray of di-potassium phosphate (20.48 and 3.87 in the first
season and 20.70 and 3.91 ardab and t/fed in the second one,
respectively. While, plants without foliar spraying recorded
less grain and stover yield (19.28 and 3.69 in the first season
and 19.22 and 3.74 ardab and t/fed in the second season,
respectively.  Foliar spraying of di-potassium phosphate
increased grain and stover yield by about 6.2 and 3.0%) as
compared to control in first season, respectively. Similar
trends were obtained in second season. The enhancement in
grain and stover yields caused by foliar spraying of
potassium is mainly due to its affect on maize growth and
yield components as mentioned before. In this connection,
Mohamed et al (2010) and Jabeen and Ahmed (2011)
mentioned that foliar application of potassium had apositive
effect on biological activity, metabolism and stimulating the
photosynthetic pigments and enzyme activity which
encourage the vegetative growth of plants, consequently
increased maize yields. These results are in harmony with
those obtained by Singth et @/ (2005) and Romheld and
Kirkby (2010).

With respect to organic manure, the data clearly
reveal that grain and stover yields of maize were
significantly affected by chicken manure application. Added
0.0, 2.5 and 5.0 t chicken manure/fed yielded 19.28, 20.17
and 20.48 ardab grains/fed and 3.69, 3.77 and 3.87 ton
stover/fed in the first season, respectively. Same trend was
obtained in the second season. It is obvious to notice that
grain and stover yields were increased as chicken manure
level increased from 0.0 to 5.0 t/fed. This finding is mainly
due to the improvement affect of organic manure on soil

fertility and physical and chemical properties, consequently
enhanced plant growth and yields of maize (Hassanien,
2009). These results are in line with those obtained by
Seddik (2006) and El-Sheref (2012).

Regarding the interaction affect, the results clearly
reveal that both grain and stover yields were affected only by
the interactions among the three studied factor (AxBxC). In
general, maize plants received 50 or 100 kg K-sulphate/fed +
2% foliar spraying of di-potassium sulphate + 5.0 t chicken
manure/fed exhibited the highest grain and stover yields. On
the other hand, the plants without soil or foliar potassium
and without chicken manure application exerted the lowest
grain or stover yields.

N,P and K uptake:

The data presented in Tables 5,6 and 7 show the
affect of treatments on N,P and K uptake in grains and/or
stover. The results clearly show that N,P and K uptake by
grains and/or stover were significantly affected by added K-
sulphate as soil application, where increasing potassium
levels from 0.0 to 100.0 kg K-sulphate resulted in increasing
N, P and K uptake in grains and stover as well as total
uptake. The increment in total N,P and K uptake due to 100
kg K-sulphate/fed reached to 6.2 ,21.3;3.2,12.0and 7.0,
29.6 %, comparing with 50 kg K — sulphate / fed and
without potassium fertilization. respectively in the first
season. Same trends were obtained in the second season.
The positive effect of soil K-sulphate application, can be
explained by its affect on grains and stover yields, since
nutrient uptake calculated by multiplying grain or stover
yields by its nutrient percentage (Table 1 and 2 in appendix).
Similar results were obtained by Zorkany (2000) and Zeidan
and Kramany (2001).

Table 5. Response of NPK uptake of maize grains to soil and foliar spraying of potassium under chicken manure

application.

Potassium foliar spraying (C)

k- Qida N uptake (kg/fed)

P uptake (kg/fed)

K uptake (kg/fed)

mono-K di-K
phosphate phosphate

mean

stiphate
(kgkd) '(';; without without

mono-K
phosphate

di-K mean di-K mean

phosphate without mono-K

phosphate phosphate

@) ®

2016 2017 2016 2017 2016 2017 2016 2017 2017 2016

2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017

0.0

2.5

5.0
mean

2824
3213
3596
3211

2868
33.18
3661
3282

3120 3166 3235 3253
3531 3575 3672 3715
39.16 3982 4028 4054
3522 3574 3645 3674

3060 3096
3472 3536
3847 3899
3459 3510

635
717
853
735

726
8.06
993
842

0.0

7.06
795
891
797

1749
1979
2308
20.12

1802 20.17 2030 21.84 2197 1983
2070 2308 23.18 2448 2457 2245
2340 2497 2521 2637 2654 2481
2071 22774 2290 2423 2436 2236

20.10
2282
2505
2265

731
810
888
8.10

747 751
825 857
927 933
833 847

699
775
9.17
797

0.0
2.5
5.0
mean

3284
3646
39.60
3630

3350
3749
4053
3717

3574 3642 3705 3744
3889 3962 4006 4096
4244 4352 4346 4425
39.02 3985 4019 40.88

3521 3579
3847 3936
4183 4277
3850 3930

691
772
898
787

748
8.17
1061
875

50.0

736
814
928
826

2069
2279
2499
282

2153 2300 2336 24.14 2439 2261
2343 2424 2451 2547 2585 2417
2577 2711 2742 2857 2890 2689
2358 2478 2510 2606 2638 24.56

2309
2460
2736
2502

751
827
954
844

758 766
830 842
952 933
847 847

7.17
79
961
826

0.0
100.0 25

3542
3923

2759 3609 36.74 3739 3778
4067 3941 3996 4039 4137 3968 4067

5.0 4203 4333 42.80 4388 4377 44.13 4290 4378 905
mean 3889 3720 3946 40.19 4052 41.09 3962 3949 810

3630 3404 543
842
920
7.68

777
822
1035
878

751
828
925
835

759 161
859 874
953 967
857 869

6.87
848
937
824

2343
25.12

1798 2415 2421 2474 2500 24.11
2615 2523 2541 2635 2680 2557
27.15 2760 28.10 2836 2859 2902 2795 2833
2523 2391 2583 2599 2656 2694 2587 2561

2240
2612

623
771
8.90

7.50
8.15
1030

“‘fea“ 0.0 32.17 29.92 34.34 34.94 35.60 3592 34.04 33.60 6.60
0 5 3594 37.11 37.87 3844 39.06 39.83 37.62 3846 7.54

. 2
chicken
manure 5.0 3920 40.16 41.50 4241 42.50 42.97 41.07 41.85 8.69

7.10
8.19
9.19

20.54 19.18 2244 22.62 23.57 23.79 22.18 21.86
22.57 2343 24.18 24.37 2543 25.74 24.06 24.51
2507 25.59 26.73 27.00 27.84 28.15 26.55 2691

744
822
922

7.55 761
838 858
944 944

mean ofwitho
foliar ut

spraying mono
K

diK

35773573
37.90 38.59
39.05 39.57

25.89

LSD al
005 A

1.03
1.11

1.16
1.03
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Table 6. Response of NPK uptake of maize stover to soil and foliar spraying of potassium under chicken manure

application.
Potassium foliar spraying (C)
K- Chicken N uptake (kg/fed) P uptake (kg/fed) K uptake (kg/fed)
sulphate manure mono-K di-K mean . mono-K di-K mean . mono-K di-K mean
(kg/fed) (tfed) without phosphate phosphate without phosphate phosphate Wwithout phosphate phosphate

A) (B) 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
0.0 26.04 26.86 28.16 28.69 28.69 2895 27.63 28.17 589 600 7.68 7.82 7.17 724 691 7.02 2635 2654 29.12 29.34 3097 3093 28.81 2894
2.5 29.82 30.08 31.83 32.55 32.64 3328 3143 3197 7.71 7.77 934 945 878 885 861 8.69 3049 3042 3322 32.90 34.75 34.69 32.82 32.67

00 5.0 33.57 3450 3628 3629 37.05 3744 35.63 36.08 939 9.54 11.22 11.34 10.70 1081 1044 10.56 3538 3523 37.03 3667 39.35 3899 3725 36.96
mean 29.81 3048 32.09 32.51 32.79 3322 31.56 32.07 7.66 7.77 941 9.54 888 897 865 876 30.74 30.73 33.12 32.97 3502 3487 32.96 32.86
0.0 30.54 3124 33.76 34.13 34.87 3525 33.06 33.54 6.59 667 871 881 816 825 7.82 791 3192 31.94 3920 39.27 41.55 41.63 37.56 3761
500 2.5 3488 3553 37.82 3821 4035 41.06 37.68 3827 9.00 8.79 10.64 10.75 1040 10.48 10.01 10.01 36.00 3591 44.13 43.78 49.09 48.60 43.07 42.76
: 5.0 3821 3888 40.99 41.06 41.78 42.70 4033 40.88 1035 10.53 12.42 12.57 11.82 11.96 11.53 11.69 39.40 3929 49.68 49.86 5148 5124 46.85 46.80
mean 34.54 3522 37.52 37.80 39.00 39.67 37.02 37.56 8.65 866 10.59 10.71 10.13 1023 979 9.87 35.77 35.71 4434 44.30 47.37 47.16 4249 42.39
0.0 3459 3441 36.97 37.64 38.05 38.73 36.54 3693 7.52 7.11 915 923 858 865 842 833 3647 3553 42.09 41.70 44.39 4399 4098 4041
1000 25 378138204160 4251 4389 4463 4113 4181 915 927 1112 1123 1045 1053 1024 1034 39.80 39.90 47.64 47.72 51.83 5178 4642 4647
: 5.0 41.78 4237 44.93 4589 45.68 4676 44.13 45.01 1097 11.56 12.48 13.05 11.84 1201 11.76 1221 4431 44.08 51.58 51.36 54.57 5448 50.15 4997
mean 3806 3836 41.20 42.01 42.54 43.37 40.60 41.25 921 931 1092 11.17 10.29 1040 10.14 10.29 40.19 39.84 47.10 46.93 5026 50.08 45.85 45.62
gllfan 0.0 3039 30.84 32.96 33.49 33.87 34.31 3241 32.88 667 659 851 862 797 805 7.72 7.75 3158 3134 3680 36.77 3897 3885 35.78 35.65
. 2.5 34.17 3463 37.11 37.76 38.96 39.66 36.75 3735 8.62 861 1037 1048 9.88 995 9.62 9.68 3543 3541 41.66 4147 4522 4502 40.77 40,63
i‘;};g 50 37853858 40.73 41.08 41.50 4230 40.03 40.66 1024 1054 12.04 1232 11.45 11.59 11.24 11.49 39.70 3953 46.10 4596 4847 4824 44.75 44.58
mean of without 34.1434.69 8.51 8.58 35.5735.43
foliar  monoK 36.9437.44 10.3110.47 41.5241.40
spraying  diK 38.1138.75 9.77 9.87 44.22 44.04
LSD.at005A 113 1.14 030 031 0.88 1.01
B 120 1.22 027 0.26 0.89 1.00
C 1.02 1.05 021 0.22 0.90 0.97
AB NS NS NS NS NS NS
AC NS NS NS NS NS NS
BC NS NS NS NS NS NS
ABC 201 235 0.53 0.48 NS NS
Table 7. Response of total NPK uptake of maize to soil and foliar spraying of potassium under chicken manure
application.
Potassium foliar spraying (C)
K- Chiden Total N uptake (kg/fed) Total P_uptake (kg/fed) Total K uptake (kg/fed)
sulphatemamre mono-K  diK mean . mono-K  di-K . mono-K  di-K mean
(kgffed) (tffed)  Without phosphate phosphate without phosphate phosphate ™" without phosphate phosphate

@A) ®) 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
00 5423 5551 5932 6032 6103 6145 5819 59.09 12.17 1231 1493 1510 1461 1471 1390 1404 4381 4454 4932 4961 5285 5293 48.66 49.03
0.0 2.5 6197 6329 6709 6829 6932 7046 66.13 6735 1461 1489 1739 1759 1701 1739 1634 1662 5033 51.16 5629 5603 5921 5923 5528 5547
50 6949 71.09 7540 7607 7737 7793 7409 7503 17.77 1804 2111 20.19 1999 20.10 1962 1944 5842 5861 6203 61.92 6575 6557 62.07 62.03
mean 6190 6330 6727 6823 6924 6995 66.14 67.16 1485 1508 17.81 17.63 1720 1740 1662 1670 5085 5144 5588 5585 5927 5924 5533 5551
00 6336 6471 69.53 7055 7195 7263 6828 6930 1301 1355 1623 1635 1571 1588 1498 1526 5263 5349 6223 6265 6567 6605 60.18 60.73
50.0 25 7137 7305 7668 7781 8039 8196 76.15 77.61 1653 1652 1885 19.00 1873 1893 1804 1815 5881 5931 6834 6831 7459 7441 6725 6734
50 7777 7937 8345 8461 8521 8692 82.14 83.63 1902 1947 2300 2208 2131 2126 21.11 2094 6437 6505 7681 7725 8003 80.11 7374 74.14
mean 70.83 7238 7655 7766 79.18 8050 7552 7685 16.19 1651 1936 19.14 1858 1869 1804 1812 5860 5928 69.13 6940 7343 7352 67.05 6740
00 7005 62.04 73.02 7435 7541 7655 72.83 7098 14.65 1251 1695 1676 16.19 1635 1593 1521 5993 5353 6623 6599 69.15 6897 65.10 62.83
1000 25 7704 7894 81.13 8243 8433 8603 80.83 8247 1730 17.72 1931 1948 1901 1924 1854 1881 6495 6609 7289 7306 7821 7863 72.02 7259
50 83.78 8573 87.80 89.71 8941 90.85 87.00 8876 2000 20.75 22.81 2233 2135 2165 21.39 21.58 7143 71.73 79.65 79.73 83.11 8349 7806 7832
mean 7696 7557 80.65 82.16 8305 8448 8022 80.74 1732 1699 1969 1952 1885 1908 1862 1853 6544 63.78 7292 7293 7682 7703 71.73 7125
mean 0f0.0 6255 60.75 6729 6841 6946 7021 6643 6646 1328 1279 1604 1607 1550 1565 1494 1484 5212 5052 5926 5942 6256 6265 5798 5753

chicken 2.5 70.13 7176 7497 76.18 7801 7948 7437 7581 16.15 1638 1852 1869 1825 1852 1764 17.86 5803 58.85 6584 6580 7067 70.76 64.85 65.13
manure 5.0 7701 7873 8222 8346 8400 8523 81.08 8247 1893 1942 2231 21.53 2088 2100 20.71 2065 6474 65.13 7283 7297 7630 7639 7129 71.50

mean ofwithout 6990 7042 16.12 1619 5830 5817
foliar  mono-K 7482 7602 1895 1876 6598 6606
spraying di-K 7716 7831 1821 1839 69.84 69.93
LSD.at0.05 A 113 1.14 030 031 088 1.01
B 120 122 027 026 089 1.00

C 102 1.05 021 022 090 097

AB NS NS NS NS NS NS

AC NS NS NS NS NS NS

BC NS NS NS NS NS NS

ABC 201 235 0.53 048 NS NS

Considering foliar spraying of potassium, the data  and 19.8% in the abovementioned respect. It is worthy to

indicate that foliar spraying of potassium had a markedly
affect on N,P and K uptake. Comparing with control,
spraying mono-potassium phosphate increased total N,P
and K uptake by about 7.0 ,17.6 and 13.2 % in first season
comparing with control, respectively. The corresponding
increasing due to di-potassium phosphate were 10.4 , 13.0

notice that foliar spraying of mono- or di-potassium
phosphate had a greater affect on increasing P and K
uptake than N uptake, which mainly due to presence
phosphorus and potassium in its content. The effect of
foliar spraying of potassium on maize grain and stover
yields as well as its effect on NPK concentration in grains
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and stover is a good explanation for its effect on NPK
uptake.

These results are similar to those obtained by
Zorkany (2014) and Hassanien (2018). As for organic
manure, the data indicate that N,P and K uptake by grains
and/or stover were significantly increased by increasing
chicken manure levels up to 5.0 t/fed. The highest mean
values of total N,P and K due to applied 5.0 t chicken
manure/fed were 81.08, 70.71 and 71.29 kg/fed in the first
season, respectively, while the lowest total N,P and K
uptake were recorded under without manuring (66.43 ,
14.14 and 57.98 kg/fed, respectively in the first season).
Same trends were obtained in the second season. The
promotive effect of chicken manure on nutrient uptake
may be referred to the improvement of soil reaction caused
by manuring, which in turn increased nutrient
solubility(Brar et al, 2001). Also, these increments may be
due to the high N,P and K content in chicken manure used
in the experimental soil as shown in Table 1. These results
are in harmony with those obtained by Esilaba et al (2000)
and El-Sheref (2012).

As for the interaction between treatments, the data
indicate N,P and K uptake were affected only by the
interaction among the three studied factors. In general, the
maize plants received 50 or 100 kg K-sulphate as soil
application + 2% foliar spraying of di-potassium phosphate
+ 5.0 t chicken manure/fed yielded the highest N,P and K
by grains and/or stover. On the other hand, the maize
plants without potassium fertilization or manuring
produced the lowest N,P and K.

Some chemical soil properties:

The influence of soil or foliar fertilization and
organic manure application and their interaction on some
chemical properties after maize harvest are shown in Table
8. The data reveal that the values of soil reaction, salinity and
organic matter noted after maize harvest were non
considerably exaggerated by K-fertilization, whether soil or
foliar application. On the other and, these properties was
significantly affected by manuring. Chicken manure
treatments improved both soil reaction and soil organic
matter, while it increased soil salinity. It is obvious to notice
that the affect of chicken manure on soil properties is
increased as its level increased. The decreasing in soil pH
due to organic manure could be attributed to the acidifying
effect of organics produced during the course of continuous
decomposition of applied chicken manure (Hizal, 1993). The
promative effect of chicken manure on soil organic matter is
mostly explained by the higher content of organic matter in
chicken manure (Table 1), beside the relative slow of its
decomposition (Kunda, 2006). The increase in soil salinity
due to increasing chicken manure levels may be ascribed to
its high salinity content as shown in Table 1 (Wong et al,
1999). These results are similar to those obtained by El-
Shabrawy (2012) for soil pH, Sharif et al (2004) for soil
organic matter and El-Shreef (2012) for soil salinity. It is
evident from the data that the studied chemical soil
properties did not respond to the interaction between the
treatments.

Table 8. Response of some chemical soil properties after maize harvesting to soil and foliar spraying of potassium

under chicken manure application.

. P, foliar spraying (C)
e pH EC oM
(kgfled) (tfed) without MOROK  dFKmean Ly moneK o diK mean T g  monoK  diK  mean
A phosy phosg phosg phosp phosy phosp
@ ® 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017

00 813 812 813 813 812 813 813 813 126 126 126 127 126 126 126 126 142 142 143 142 143 142 143 142
0.0 25 808 807 808 808 808 8.08 808 808 132 132 133 133 132 133 132 133 1.57 1.57 157 157 157 158 1.57 1.57
50 804 804 808 8.04 804 8.04 805 804 136 136 136 136 136 136 136 136 1.66 1.66 1.67 166 166 1.66 1.66 1.66

mean 8.08 808 810 8.08 8.08 8.08 809 808 131 131 132 132 131 132 131 132 155 155 156 155 1.55 1.55 1.55 1.55

00 812 813 812 812 812 812 812 812 126 126 127 126 126 126 126 126 142 143 142 142 142 143 142 143
25 808 808 808 808 808 808 808 808 133 133 133 133 133 133 133 133 1.8 1.57 157 158 157 1.57 1.57 1.57
50 804 804 804 804 805 804 8.04 804 136 136 136 136 136 136 136 136 167 1.66 1.67 1.66 1.67 166 167 1.66

mean 8.08 808 808 8.08 8.08 8.08 808 808 132 132 132 132 132 132 132 132 1.56 1.55 1.55 1.55 1.55 1.55 1.55 1.55

00 812 812 813 813 812 812 812 812 126 126 126 126 126 126 126 126 143 142 143 142 142 142 143 142
25 808 808 808 808 807 808 808 808 134 133 134 133 134 133 134 133 1.57 157 156 157 157 1.57 1.57 1.57
50 804 804 804 804 804 805 804 804 136 136 136 135 136 136 136 136 1.66 1.66 1.67 166 167 1.66 1.67 1.66

mean 8.08 808 808 8.08 8.08 8.08 808 808 132 132 132 131 132 132 132 132 1.55 155 155 155 1.55 1.55 1.55 1.55

meanof 0.0 812 812 813 813 812 812 812 812 126 126 126 126 126 126 126 126 142 142 143 142 142 142 143 142
chicken 2.5 808 808 808 808 808 808 808 8.08 133 133 133 133 133 133 133 133 1.57 157 157 157 157 157 157 157
manure 5.0 804 804 805 804 804 804 804 804 136 136 136 136 136 136 136 136 1.66 1.66 1.67 166 167 1.66 1.67 1.66

mean of without 808 8.08 132 1.32 155 1.55
foliar  mono-K 8.09 8.08 132 1.32 155 1.55
spraying di-K 808 8.08 132 1.32 155 1.55
LSD.at005 A NS NS NS NS NS NS
B 002 001 003 0.03 003 0.03

C NS NS NS NS NS NS

AB NS NS NS NS NS NS

AC NS NS NS NS NS NS

BC NS NS NS NS NS NS

ABC NS NS NS NS NS NS

Soil fertility:

The data in Table 9 represent the effect of soil and
foliar fertization of potassium and organic manure
application and their interactions on soil fertility in term of
soil available N,P and K after maize harvest. The results

clearly show that potassium fertilization as soil application
was only affected soil available K after harvest, which may
be attributed to added potassium as soil application may be
absorbed in the soil as K* and part of them remain in soil
after harvest without leaching. On the other hand, added
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potassium as foliar spraying did not affect soil fertility.
Mean while, chicken manure application enhanced soil
available N,P and K after harvest, which mostly due to the
content of N,P and K applied to soil within manure itself,
also the decomposition of the organic manure formation to

mineralized form of N, P and K (Mann et a/, 2006). These
results are in line with those obtained by Ali (2001) and El-
Sheref (2012). It is evident from the data that soil available
N,P and K did not respond to the interactions between
treatments.

Table 9. Response of soil fertility after maize harvesting to soil and foliar spraying of potassium under chicken

manure application.

Potassium foliar spraying (C)

K-sulphate Chicken manure Available N (ppm) Available P (ppm) Available K (ppm)
(kg/fed) (t/fed) . mono-k di-K mean mono-k di-K
A) B) without phosphate phosphate without phosphate phosphate mean mean
2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
0.0 22 24 22 24 23 24 2224 12 14 12 14 13 14 12 14 12174172173 173 175 172 174
0.0 25 27 29 27 29 27 29 27 29 13 15 14 15 14 15 14 15 178 179 177 179 178 179 178 179
) 5.0 31 33 30 33 31 33 31 33 14 17 15 16 15 16 15 16 185187 186 187 185 187 185 187
mean 27 29 26 29 27 29 27 29 13 15 14 15 14 15 14 15 178 180 178 180 179 180 178 180
0.0 22 24 22 25 22 24 2224 12 14 12 14 12 14 12 14 180182 181 183 181 182 181 182
50,0 25 27 29 27 28 27 30 27 29 13 16 13 15 14 15 13 15 184187 185 187 185 187 185 187
) 5.0 32 33 31 34 31 33 3133 14 17 14 17 15 16 14 17 189 195 188 195 189 196 189 195
mean2 27 29 27 29 27 29 27 29 13 16 13 15 14 15 13 15 184 188 185 188 185 188 185 188
0.0 23 25 23 24 22 25 2325 12 14 12 14 12 14 12 14 185183 185 187 184 187 185 187
100.0 25 27 29 27 29 27 29 27 29 13 15 13 15 13 15 13 15 190 193 191 194 190 194 190 194
) 5.0 31 34 31 33 31 34 31 34 14 17 14 16 14 17 14 17 196 196 197 196 196 197 196 196
mean 27 29 27 29 27 29 27 29 13 15 13 15 13 15 13 15 190 192 191 192 190 193 190 192
Mean of 0.0 22 24 22 24 22 24 2224 12 14 12 14 12 14 12 14 179181 179 181 179 181 179 181
chicken 25 27 29 27 29 27 29 27 29 13 15 13 15 14 15 13 15 184186 184 187 184 187 184 187
manure 5.0 31 33 31 33 31 33 31 33 14 17 14 16 15 16 14 17 190 193 190 193 190 193 190 193
mean of without 27 29 13 15 184 187
foliar mono-K 27 29 13 15 185 187
spraying di-K 27 29 14 15 185 187
LSD.at0.05 A NS NS NS NS 175130
B 111 1.02 0.07 006 1.02 1.16
C NS NS NS NS NS NS
AB NS NS NS NS NS NS
AC NS NS NS NS NS NS
BC NS NS NS NS NS NS
ABC NS NS NS NS NS NS
CONCLISION Aown, M.; S. Raza; MLF. Saleem; S.A. Anjum; T. Khaliq and

It could be concluded that the fertilized maize
plants with 50.0 kg K-sulphate/fed + 2% foliar spraying of
di-potassium phosphate twice + 5.0 t/fed chicken manure
had better performance to maize productivity and
improved soil properties after harvest under the conditions
of Middle Egypt, Beni-Suef Governorate, this result means
that it could be save about 50 kg potassium sulphate by
spraying di-potassium sulphate.
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APPENDIX

Table 1. Response of NPK concentration in maize grains to soil and foliar spraying of potassium under chicken
manure application.

Potassium foliar spraying (C)

Chicken

K-sulphate N % P % K%
(kg/fed) manure maoK &K mean mooK Gk mooK G
t/fed ithout ithout L ithout hophae shosot mean
@A) ((B)) without © e phosa without - withou
2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
0.0 113 113 116 117 117 117 115 116 025 025 027 027 027 027 026 026 070 071 075 075 0@ 0  0.75 0.75
0.0 2.5 125 125 127 128 129 130 127 128 027 027 029 029 029 030 028 029 077 078 083 083 0% 0%  0.82 0.82
: 5.0 134 133 138 139 139 139 137 137 031 031 035 031 032 032 033 031 08 085 088 088 091 091  0.88 0.88
mean 124 124 127 128 128 129 126 127 028 028 030 029 029 030 029 029 07 078 082 082 085 085 0.82 0.82
0.0 127 126 129 131 132 132 129 130 025 026 027 027 027 027 026 027 080 081 083 04 0% 0%  0.83 0.84
50.0 2.5 136 136 138 139 140 141 138 139 028 028 029 029 029 029 029 029 08 085 08 086 09 089  0.87 0.87

5.0 141 140 144 146 146 147 144 144 031 031 036 032 032 031 033 031 089 089 092 02 0% 0%  0.92 0.92
mean 135 134 137 139 139 140 137 138 028 028 031 029 029 029 029 029 08 08 087 087 090 0%  0.87 0.88

0.0 130 132 130 132 133 133 131 132 026 026 028 027 027 027 027 027 086 08 087 087 088 088  0.87 0.87
2.5 139 140 139 140 141 142 140 141 029 029 029 029 030 030 029 029 089 090 08 089 092 092  0.90 0.90

100.0 5.0 144 146 145 147 147 146 145 146 031 031 035 031 032 032 033 031 093 093 095 095 0% 0%  0.95 0.95
mean 138 139 138 140 140 140 139 140 029 029 031 029 030 030 030 029 08 09 090 090 092 092 091 0.91
mean of 0.0 123 124 125 127 127 127 125 126 025 026 027 027 027 027 026 027 0 OO 082 O 084 084  0.82 0.82
chicken 2.5 133 134 135 136 137 138 135 136 028 028 029 029 029 030 029 029 084 084 086 08 089 089  0.86 0.86
manure 5.0 140 140 142 14 144 144 142 142 031 031 035 031 032 032 033 031 089 089 092 0N 0N 0%  0.92 0.92
mean of without 1.321.32 0.280.28 0.84 0.84
foliar mono-K 1.341.36 0.310.29 0.86 0.86
spraying di-K 1.361.36 0.290.30 089 089

L.S.D.at0.05 A

B

C

AB

AC

BC

ABC

Table 2. Response of NPK concentration in maize stover to soil and foliar spraying of potassium under chicken
manure application.

Potassium foliar spraying (C)

K- Chicken N % P % K%
sulphate manure without mono-K di-K mean L ot mono-K dirK mean  without mono-K di-K mean
(kg/fed) (t/fed) phosphate phosphate phosphate phosphate phosphate phosphate

(A) B) 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017

0.0 084 085 088 088 088 088 087 087 0.9 019 024 024 022 022 022 022 085 084 091 090 095 094 090 089
0.0 2.5 089 089 092 093 093 094 091 092 023 023 027 027 025 025 025 025 091 090 096 094 099 098 095 094
) 5.0 093 094 097 096 097 097 096 096 026 026 030 030 028 028 028 028 098 096 099 097 103 101 100 098

mean 089 089 092 092 093 093 091 092 023 023 027 027 025 025 025 025 091 090 095 094 099 098 095 094

0.0 088 089 093 093 094 094 092 092 0.9 019 024 024 022 022 022 022 092 091 108 107 112 LIl 104 103
50.0 2.5 093 093 09 09 097 098 095 096 024 023 027 027 025 025 025 025 096 094 112 110 1.8 116 109 107
’ 5.0 096 09 099 098 099 100 098 098 026 026 030 030 028 028 028 028 099 097 120 119 122 120 114 112

mean 092 093 096 096 097 097 095 095 023 023 027 027 025 025 025 025 096 094 113 112 117 116 109 107

0.0 092 092 101 102 102 103 098 099 020 019 025 025 023 023 023 022 097 095 115 113 119 117 110 108
100.0 2.5 095 095 105 106 105 106 102 102 023 023 028 028 025 025 025 025 100 099 120 119 124 123 115 1.14
) 5.0 099 099 108 109 108 109 105 106 026 027 030 031 028 028 028 029 105 103 124 122 129 127 119 117

mean 095 095 105 106 105 106 102 102 023 023 028 028 025 025 025 025 101 099 120 118 124 122 115 1.13
meAn 0.0 088 089 094 094 095 095 092 093 019 019 024 024 022 022 022 022 091 090 105 103 109 107 101 1.00

(c)}flicken 25 092 092 098 098 098 099 096 097 024 023 027 027 025 025 025 025 096 094 109 108 1.14 112 106 1.05
manure 50 096 09 101 101 101 102 100 100 026 026 030 030 028 028 028 028 101 099 114 1.13 118 116 111 109
mean  without 092 092 023 023 096 094
of foliar mono-K 098 098 027 027 1.09 1.08
spraying  diK 0.98 0.99 025 0.25 1.10 1.12

L.S.D.at0.05 A

B

C

AB

AC

BC

ABC
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