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ABSTRACT

The effect of applied triple superphosphate, elemental sulfur and zinc chlonde
either alone or together, at vanous levels of P (0, 15, 22.5, 30 & 37.5kg P20s fed™’), S
(0, 100, 200 & 400 kg S fed’ 'Y and Zn (0, 10 & 20 kg Zn fed™’) on dry matter weight,
seed yield, seed quaiity (oil, protein and S-containing amino acids contents), residual
availability of P, S & Zn and their uptake by seeds of soybean grown on Nile alluvial
clay loam and calcareous sandy loam so'ls was examined in pot experiment under
green-house conditions.

The obtained results reveal that a positive response for all studied parameters
to the applied rates of P, S & Znreachto be highly significantin all cases under
individual treatments or most cases of combinations. The magnitude of response to
be dependent upon the concerned treatment, the tested parameter and the soil used.
The double combinations being more effective than the single one, whereas the tri-
conjuncted treatments had the most effective for enhancing the growth, crop yield and
its quality parameters, uptake and availability of nutrients, in both the used soils. The
highest values of dry matter weight, yield and seed oil content under Nile alluvial soil
condmon were found when it was fertilized with 22.5 kg P20s, 200 kg § and 10 kg Zn
fed", while the corresponding try-combmed treatment in calcareous soil was 30 kg
ons. 400 kg S and 10 kg Zn fed”. Greatest percentages of protein and S-amino
acids in seed were achieved by 22.5 kg P,0s combined with 200 kg S and 20 kg Zn
per fed in Nile alluvial soil, whereas the corresponding tri-application in calcareous soil
was 30 kg P;0s associated with 400 kg S and 20 kg Zn per fed.

In case of the peak of nutrients uptake, these tri-treatments were varied from
nutrient to another. Generally, under all the experimental conditions, the response of
the studied measurements either in plant or soil being more pronounced at lower
applied levels, where the higher doses may caused adverse action. The Nile alluvial
clay loam were appeared higher figures for all tested plant parameters and soil
available nutrients than the ¢ alcareous soil under all e xperimental treatments that
could be related to fertility status and characteristics of each soil. There were highly
significant positive correlations between each of dry matter production, crop yield,
seed quality parameters and seed uptake of P, S, & Zn on one side and the studied
nutrients application to soil on the other side.

It can be concluded that for efficient soybean production with high seed
quantity, especially under recently-reclaimed soil conditions of Egypt, the
simultanecus application of elemental sulfur along with soluble Zn source (zinc
chioride) and P-fertilization (using triple superphosphate) is essential not only for
increasing crop yield but also to improve the seed quality through improvement of oil,
protein and S-amino acids contents, enhancing nutrients uptake and recovery from
soil and applied fertilizer and favouring the residual available of nutrients in post-
harvest soils.

Keywords: Nile alluvial, calcareous soil, phosphorus, sulphur, zinc, seed uptake, crop
yield, seed quality, soybean.
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INTRODUCTION

Great efforts have been done in Egypt to increase the productivity and
the area of land cultivated with soybean crop, because of its importance as a
source of protein and oil.

The positive response of yield and its quality for different crops to P-
fertilization have been established (Guhey et al., 2000 on chickpea; Poonia et
al., 2002 on mustard and Mohammed, 2003 on maize). Among other
nutrients, sulfur (S) is essential constituent of S-containing amino acids,
promoted the biosynthesis of protein and being associated with N-
metabolism. Improved growth, yield and its quality status of crops, as well as
availability of soil nutrients as influenced by S-application have been reported
by Kachhave et al,, 1997 on chickpea; Singh et al., 1998 on mustard and
Sakal et al.,, 2000 on maize & wheat. Likewise zinc, among micronutrients,
that plays a vital role in the synthesis of proteins, nucleic acids, and help in
the utilization of N & P by plants (Robson, 1993). Zinc fertilization for various
crops has been tried (Malewar et al., 2001 on mustard and Sankaran et al.,
2002 on rice).

In view of literature, most studies on soybean fertilization were
confined to NPK requirement and foliar applications of micronutrients. On the
other hand, there is still very little information about the interactions between
macro- and micronutrients, such as P, S & Zn, and no systematic report is
available on soybean and application of these nutrients still remains
contradictive. Therefore, the present study aimed to find out the single and
interactive effects of P, S & Zn application on dry-matter production, seed
yield, seed quality characteristics and P, S & Zn uptake by seed of soybean
grown on two types of soils, in addition ‘soil available nutrients s tatus a fter
harvest the crop was examined.

MATERIALS AND METHODS

Two surface soil samples (0-30 cm) were collected from two different
localities to represent some Nile alluvial and newly-reclaimed desert soils of
Egypt. The first was clay loam in texture, and taken from Qaliub area, Qalubia
Governorate, while the second soil was calcareous in nature and sandy loam
in texture, from South Tahreer region, Beheira Governorate. Soil
characteristics are shown in Table ( 1, a & b), after the conventional methods
outlined by Page et al. (1982).

Ten kg of air-dried well mixed soil was filled in each polyethylene lined
earthen pot. All possible combinations of five levels of phosphorus (0, 15.0,
225, 30.0 & 37.5 kg P,0, fed™', as triple superphosphate) and four levels of
sulfur (0, 100, 200 & 400 kg S fed™', as commercially, agricultural elemental
sulfur) along with four rates of zinc (0, 5, 10 & 20 kg fed", as zinc chloride)

were thoroughly incorporated with the soil before cultivation. The concerned’

treatments, referred to as; Py, Py, P2, P3 & Ps; So. Sy, S; & S3 and 2Zn,, 2n;,
2n; & Zn; respectively, were arranged in split-split completely randomized
block design, by keeping P in the main plot, S in sub-plot and Zn in sub-sub
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plot; with three replicates of each treatment. Seeds of soybean (Glycine max,
cultivar Giza 111) were planted and the seedlings were thinned, after
complete germination, into one healthy plant per p ot which was allowed to
grow till maturity stage. Inoculant of Bradyrhizobium Japonicum was added to
all pots, and plants from all treatments had nodules. A basal dose of 20 kg N
( as ammonium nitrate, 33.5 % N) and 24 kg K,O (as potassium sulfate, 48 %
K,O) was uniformly applied after cultivation. Irrigation was given through
fresh tap water as and when required, and it was withheld about two- weeks
before harvesting.

Table (1): Some characteristics of the experimental soils.A) Physical
analysis and fertility status

Particle siz(tz/'t)!lstnbution Text. Available nutrients
Soil ™" [CaCO,;| OM [Coarse] Fine | Silt | Clay | class (mgkg™)
(%) | (%) | sand |sand N P K S [zn™
Nile all. | 2.45 |1.01| 3.10 |29.90|35.30|31.71 Iglaag] 52 11 400 | 850 | 0.97
Calcar. | 26.51 | 0.25 | 60.50 | 2.65 | 17.95|18.90 sl:::‘y 27 | 8 | 351|571 070

B) Chemical analysis

[ CEC pH EC, | Soluble cations (meqL")™ [ Soluble Anions (meqL")™
D (TR -
Soil ‘"‘es‘;:gg “i-;";)"" (dSim) | Ca™ | Mg™ | Na' | K |cos|HCOy| cr | so.

Nile all. | 17.70 782 | 166 |471] 652 | 501 | 033 [000] 261 | 620 | 7.76
[Calcar. | 11.50 802 | 325 [995| 882 | 1276 | 097 |0.00] 212 | 1451 | 1587
(1) Nile all. = Nile alluvial clay loam soil. Calcar. = Calcareous sandy loam soil.
(2) DTPA-extractable-Zn.
(3) EC,, Soluble cations and anions determined in soil paste extract.

At m aturity, the plants were harvested at the ground level, dried and
the straw and seed yields recorded. Seed samples were assayed for oil,
protein, cystine, cysteine and methionine contents following the methods
outlined by AOAC (1995). Also, the seeds were examined, after wet
digestion, for total-P, S and Zn content according to the methods described
by Chapman & Pratt (1961), Wall et al. (1980) and Page et al. (1982),
respectively. The post-harvest soils were sampled for determining 0.5 M
NaHCO; extractable P (Page et al., 1982), 0.15 % CaCL, extractable S (Wall
et al., 1980) and DTPA extractable Zn by help of the atomic absorption
spectrophotometer.

Obtained data of plant were statistically analyzed, and the significance
of differences among treatments was tested at the 5% probability level
{Snedecor & Cochran, 1989). Also, some correlation coefficients were
calculated.

RESULTS AND DISCUSSION

[}. Growth, crop yield and seed quality:

Soil application of P, S & Zn, either solely or combined, positively
affected the soybean growth, as expressed by dry matter production, and
crop yield as well as seed quality characteristics, as expressed by oil, protein
and S-containing amino acids (i.e. cystine, cysteine and methionine)

5827



Mohammed, S.S. et al

contents. The m agnitude of response is depended upon the plant trait, the
concerned experimental treatment and the soil used (Table 2, a & b).

Table (2a): Dry matter production and seed yield of soybean grown on both the
used soil types as affected by all the studied treatments.

Treatments Nile alluvial soil Calcareous soil
P S Zn rate (kg fed™) Zn rate (kg fed™)

(kg fed")(kg fed™) Zn, [ Zn, | Zn, | Zn; [Mean| Zn, | Zny | Zn; | Zn; | Mean
] (A)- Dry matter weight (g plant™)

SO 5.31 | 563 [ 6.38 ] 591 | 581 | 377 | 3.95]4.19 | 4.00 [ 3.98 |

B 6.07 | 691 | 754 | 7.05 | 6.89 | 438 | 4.61 | 4.89 | 4.66 4Am

7.74 | 760 | 473 | 498 | 526 | 5.04 | 5.00 |

7.09 | 7.04 | 511 | 541 | 571 | 543 | 542

Py S2 ]684]760] 823
S3 [ 631700774
\ Mean | 6.13 ] 6.79 [ 750 [ 6.95 | 6.84 | 450 | 474 | 5.01 | 4.78 | 4.76
} SO | 631 | 7.83 | 891 | 817 | 7.81 | 4.72 | 490 | 5.27 | 5.01 | 4.98
\
[

|

S1 8.47 | 9.67 | 10.59| 9.87 | 9.64 | 5.50 | 5.77 | 6.14 | 5.86 | 5.82
Py S2 9.51 | 10.63|11.49/10.82|10.61| 594 | 6.21 | 6.61 | 6.31 | 6.27
S3 8.80 | 9.78 {1042 990 | 973 | 642 | 6.75 | 7.18 | 6.82 | 6.79
Mean | 8.27 | 9.48 /10.34 | 969 | 945 [ 565 | 591 | 6.30 | 6.00 | 5.97
S0 8.70 | 9.13 |10.36| 9.92 | 9.53 | 559 | 5.83 | 6.20 | 5.91 | 5.88
S1 9.88 | 11.4612.40/11.63|11.34 | 648 | 6.82 | 7.24 | 6.90 | 6.86
P> S2 10.80 | 12.65 [ 13.57 | 12.60 [ 12.41 | 7.01 | 7.35 [ 7.76 | 7.46 | 7.40
S3  110.70]12.41|13.07 | 12.08 [ 12.07 | 7.56 | 7.97 | 8.45 | 8.03 | 8.00
Mean | 10.0211.41)|12.35|11.56|11.34 | 666 | 6.99 | 741 | 7.08 | 7.04
S0 9.01 | 9.35 | 10.30 | 9.65 | 9.58 | 6.04 | 6.35 | 6.73 | 6.38 | 6.38
S1 10.2011.61]12.41[11.43|11.41| 704 | 750 | 8.05 | 7.47 | 7.52
Ps S2 [11.10]12.70 | 13.31|12.41 | 12.38| 7.58 | 8.11 | 8.60 | 8.09 | 8.10
S3 [ 10.75]12.01[12.44)|11.88|11.77| 8.20 | 8.77 | 9.27 | 8.71 | 8.74
Mean [10.27]11.42[12.1211.34|11.29| 7.22 | 7.68 | 8.16 | 7.66 | 7.69 |
S0 8.46 | 8.93 [10.20 | 9.34 | 9.23 | 590 | 6.13 | 6.33 | 6.80 | 6.29
S1 9.70 [11.00(12.08 | 11.27 |11.01| 714 | 7.62 | 8.01 | 7.50 | 7.57
Py S2 10.92 | 12.14 1 13.13 1 12.26 | 12.11| 761 | 7.89 | 8.59 | 8.00 | 8.02
83 10.08 | 11.14 [ 12.33 /| 11.34 [ 11.22| 8.01 | 8.25 | 8.81 | 8.33 | 8.35
Mean | 9.79 | 10.80 | 11.94 | 11.05/10.89 | 7.17 | 7.52 | 7.94 | 7.66 | 7.56
Average 8.90 | 9.98 [10.85]10.12| 9.96 | 6.24 | 6.57 | 6.96 | 6.64 | 6.60
P=0.257("") | PxS =0.315("") | P=0.265(**) | PxS =0.269(*") |
$=0.141 ()| PxZn =0.388(") | $=0.120 (**) | PxZn = 0.280(NS) |

LSDioosy Zn=0.175("")| SxS  =0.347(NS) [Zn=0.125(")| SxS = 0.250(NS)
PxSxZn= 0.775(NS) PxSxZn= 0.560(NS)
Notes:

- Py, P1, P2, Ps & P, refer to 0, 15, 22.5, 30.0 & 37.5 kg P,0s fed™ respectively, applied as
triple superphosphate.
- So, S1, Sz & S3 refer to 0, 100, 200 & 400 kg S fed™ respectively, applied as elemental

sulfur.
- Zng, Zny, Zn; & Znsrefer to 0, 5, 10 & 20 kg Zn fed™ respectively, applied as zinc chloride.

All the examined plant attributes were significantly responded to the
application of P, S & Zn alone, and increased progressively with increasing
the nutrient levels applied. This is true in both the Nile alluvial clay loam and
calcareous sandy loam soils, with higher figures of all measurements on the
former soil than the latter one, which might be ascribed to the differences in
their properties and fertility status (Table 1, a & b).
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Table {2a): Cont'd
Treatments Nile alluvial soil Calcareous soil
P S Zn rate (kg fed™) Zn rate (kg fed”)
Tkgfed ) [(kgfed ) Zng | Zny | Znp | Zny [Mean| Zng | Zn, | Zn; [ Zn; [Mean
[B}- Seed yield (g plant’}
S0 [2.82] 2.96 [ 357 {310 [ 311 [ 231221 [ 2431225225
S1_ [317 343|387 | 360 | 352 [ 240 | 255 | 276 | 260 | 2.58
Pg S2 3461412 14154131397 [ 273 128113141284 ] 283
S3  13.75| 3.52 | 389 | 365 358 [ 301 [ 321 346 | 343 | 328
Mean [3.18] 351 [ 387 [ 362 | 355 [ 256|272 20852811276
S0 365/ 415 [ 480 [ 420 | 420 [ 2.75 | 310 | 3.34 | 3.09 | 3.07
S1 4500 51315988 [ 5211521 1330 ]352]380 357|355
Py S2 5511631 [ 683650620 | 375 40114301405 403
S3 20/ 6.04 | 660 | 6.1 | 599 | 413 1 447 [ 473 | 457 | 4.48
Mean |4.72| 5.41 | 605 | 551 [ 542 [ 348 | 378 | 404 | 382 | 3.78
! SO0 14211450 1551 [ 5551404 [ 331 [ 35013833541 3.55
| S1 5111 6.01 [ 648 | 631 508 | 3.78 | 4.01 [ 437 1 407 [ 4.06
. P 32 16.10] 7.1 | 7.81 | 741 [ 7.11 | 437 | 458 | 495 | 462 | 4.62
/ S3 5500 677 | 765 | 6.75 [ 667 | 473 [ 5.06 [ 547 | 525 | 5.13
! Mean [5.23] 610 [ 6.86 | 6.51 [ 6.18 | 4.03 [ 4.20 | 4.66 | 4.37 | 4.34
S0 431] 470 [ 555 | 513 1492 357 [ 3747 411 [ 3BT [ 3.81
S1 525] 571 652 [ 6.40 1 597 | 407 | 4331467 | 440 | 4.37
P S2 6271 7151776 7011705462 149315311497 496
. 83 5801 687 [ 759 [ 651 [ 664 | 510 | 543 ' 587 | 555 | 549
T "Mean 536[ 611 1686 | 62616151434 | 461 [ 499 [ 468 | 4.66
S0 475 4.9 515 [ 501 | 497 | 359 [ 376 | 413 | 3.77 | 3.81
S1 528 541 [ 6531577 [ 5751409 [ 434 1466 [ 437 | 4.37
Py S2 582 692 [ 718 | 681 [ 668 | 463 | 495 | 528 | 491 | 4.94
53 554631 [ 651 588 [ 606513 (541 | 581 [ 540 | 5.44

Mean 13.35] 5.0 | 6.34 | 5.87 | 587 | 4.36 [ 462 | 497 | 461 | 464
Average 4.77] 541 | 6.00 | 5551543 [ 375] 400 ] 432 ] 406 | 403
LSD 005y P=0177(")] PxS =0.334(") | P=0.295(") | PxS =0.309(NS)

S=0.149(*")[ PxZn =0.296("*) | S=0.138("*) [ PxZn = 0.265(NS)
Zn= SxS =0.265(") [Zn=0.118("| Sx§ =0.237(NS)

I 0.132(**)

PxSxZn= 0.592(NS) PxSxZn=0.529(NS}

* See footnote Table (2, a).

Better response of all parameters to P fertilization, unlike S & Zn, was
brought by P, and P, applications to the Nile alluvial and calcareous soils
respectively. [t may be related to the variation in P-fertility status of the used
soils, where the initial available P level of the former soil was relatively higher
than that of the latter one (Tabie 1, a). The obtained results are in good
agreement with those recorded by Borges & Mallarino (2000) on early growtt;
and grain yield of soybean, Guhey ef al. (2000) on amino acids and protein in
chickpea and Singh (2002) on yield, yield components and oil content in
mustard. Apart from P & Zn fertilization, S levels of S, & S; applied to the Nile
alluvial and calcareous soils, respectively, produced the maximal values of all
the tested soybean attributes. This is understandable as the soil was low in
available S (Table 1, a). The beneficial effect of S application, in brief, can be
explained by its influence on availability N, P and micronutrients in soils,
because of it reduces s oil pH; reflecting on b etter plant d evelopment, ¢ rop
yield and its components. Also, its role in protein and hormone synthesis,
where the S is required for conversion of reduced N into protein in N fixing
legumes (Singh et a/.,1998). These findings stood in harmony with those
obtained by Singh & Aggarwal (1998), Ram & Gupta (1999) and Sakal et af.
(2000).
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Table (2b): Seed quality of soybean grown on both the used soil types
as affected by all the studied treatments.,

Treatments Nile alluvial soil Calcareous soil ]

P S Zn rate (kg fed ) ] Zn rate (kg fed ) |

kg fed")[{kgfed )| Zng | Zn, | Zn; | 2Zn; [ Mean | Zng | Zn; | Zn, | 2Zn, | Mean |
{A)- Ofl content (%) ]

SO 1593 [ 16.09 | 17.11 [ 16.07 | 16.30 | 11.85 [ 12.31 | 1313 [ 1227 | 12.39
S1 16.11 | 17.41 | 1802 [ 17.23 | 1719 | 1254 | 13.09 | 13.70 | 1310 | 13.11
Py S2 17.29 [ 1811 [ 1876 | 1801 | 1804 | 13.11 | 14.20 | 1481 | 1431 | 14.11
S3 17.27 | 18,12 | 18.21 | 17.50 | 17.78 | 14.10 | 1512 | 1544 [ 1517 | 1496
Mean 16.65 | 17.43 [ 18.03 [ 17.20 [ 17.33 | 12.90 | 13.68 | 14.27 | 13.71 | 1364
SO 16.90 | 17.80 | 18.31 | 17.54 | 1764 | 1261 | 13.09 | 1361 [ 13.11 [ 1311
St 18.57 | 20.01 ] 21.20 [ 20.00 | 19.95 | 14.11 | 14.50 | 14.77 [ 1449 | 14.47
P, S2 21.34 | 21.60 | 22.50 | 21.63 | 21.77 | 15.50 | 15.81 | 15.93 | 15.78 [ 15.76
S3 20.59 ] 20.90 [ 21.60 | 19.96 | 20.76 | 16.33 | 16.55 | 16.80 | 16.73 | 16.60
Mean 19.35 | 20.08 | 20.90 | 19.78 | 20.03 | 1464 [ 1499 | 15.28 | 15.03 [ 14.99
SO 16.95 | 17.83 | 18.35 763 | 1769 | 1321 | 13.71 | 14.10 | 13.70 | 13.68

S1 18.70 | 20.31 | 22.37 | 20.21 | 20.40 | 14.70 | 1493 | 1531 [ 14.91 [ 1496
P2 S2 21.37 121021 2370 | 21.95 [ 22.24 | 1578 | 16.01 | 16.52 | 15.93 | 16.06
S3 21.31 [ 21.70 | 22.40 | 20.82 | 21.56 | 16.55 | 16.78 | 17.11 | 16.71 [ 16.79
Mean | 19.58 [ 2044 | 21.71 | 20.15 | 20.47 | 15.06 | 15.36 | 15.76 | 15.31 [ 1537
SO 16.22 | 16.85 | 18.01 | 16.81 | 16.97 | 1427 | 14.31 | 15.58 | 14.21 [ 14.59

S1 812 | 1855 | 20.30 | 18.31 | 1882 | 16.10 | 1550 | 16.41 | 15.53 | 1589
Ps S2 8.71 1 19.27 | 20.92 | 18.70 | 19.40 | 16.59 | 16.81 | 17.14 6.82 | 16.84
S3 8.22 | 1891 [ 19.33 | 1851 [ 18.74 | 17.30 | 1762 | 1851 | 17.70 [ 17.78

Mean | 17.82 | 18.40 [ 19.64 | 18.08 | 18.48 | 16.07 | 16.06 | 16.91 | 16.07 | 16.28
0 16.01 | 16.54 | 17.33 | 16.02 | 1648 | 13.25 | 13.79 | 14.17 | 13.33 | 1364
S1 1750 [ 17.77 [ 1812 | 17.33 | 17.68 | 1501 | 15.33 | 15.41 | 15.20 | 15.24
Pa S2 17.80 [ 18.33 [ 18.82 [ 17.91 | 18.21 | 15.70 | 16.22 | 16.70 | 15.90 [ 16.13
S3 1742 | 17.81 | 18.28 | 1752 | 17.76 | 16.13 | 16.70 | 16.90 | 16.27 | 16.50
Mean | 17.18 | 1761 | 18.14 | 17.20 | 17.53 | 1502 | 1551 | 15.80 | 15.18 | 15.38

Average 18.12 | 18.70 | 19.68 | 18.48 | 18.77 | 14.74 | 15.12 | 15.60 | 15.06 | 15.13 |
LSDigos, P=1114(") PxS = 0.732(") P=0.429(") PxS = 0.720(]

S=0327 (") PxZn = 0617(NS) $=0.322("") PxZn = 0.557(NS
Zn=0276(7) | _OxS = 0.552(NS) | Zn=0.249(") | Bx5 = 0.499(NS)
PxSxZn= 1.235(NS) | [ PxSxZn= 1 115(NS) |

* See footnote Table (2, a).

With Zn fertilization, unlike P & S, the Zn, level was superior for dry
matter weight, crop yield and seed oil content while the peak of protein and
S-amino acids was obtained by applied Zn, rate, this is true in both the used
soils. The positive response to Zn applications may be due to its low available
level in soils, where it is found at the critical limit (Table 1, a ). The favourable
influence of Zn fertilization could be attributed to its essential metabolic roles
in higher plants, where it controls synthesis of indole acidic acid (IAA), which
regulates plant growth. Also, it activates many enzymatic reactions and it is
necessary for chlorophyll synthesis, carbohydrate formation, amino acids and
proteins (Robson, 1993). The results have been confirmed by those of
Malewar et al. (2001) and Sankaran et al. (2002).

It is worthy to mention that, the relative contribution of P, S & Zn
application to soybean attributables was found in the order of: P> S> Zn, for
dry matter weight and seed yield, while it is S> P> Zn, for oil, protein and S-
amino acids synthesis. This is true in both the used soil types. However,
there were a highly s ignificant p ositive c orrelations betweenthe P, S & Zn
application and all the aforementioned traits of soybean (Table 2, ¢). Also, the
seed yield and its quality characteristics were positively correlated, reach to
be highly significant in most cases, with P, S & Zn uptake by seeds (Table
3,c).
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Table (2b): Cont'd

Treatments *Nile alluvial soil Calcareous soil
P S Zn rate (kg fed™) Zn rate (kg fed ™)
(kgfed')i(kgfed')| Zng | 27y | Zn; | 2Zny | Mean | Zng | Zn, | Zn; | 2n; | Mean
(B)- Protein content (%)
SO 19.25 [ 20.21 [ 20.78 [ 20.92 [ 20.29 | 16.81 [ 17.01 [ 17.15 [ 17.22 [ 17.05
S1 25.79 | 27.63 | 27.91 | 28.23 | 27.39 | 19.30 | 19.51 | 19.70 | 20.02 | 19.63
Po S2 28.60 | 31.50 | 31.37 [ 3455 | 31.51 | 24.12 | 2460 | 24.25 | 25.17 | 24.69
S3 27.75 1 30.15 [ 3001 [ 3115 ] 29.77 [ 27.50 | 28.05 | 28.35 | 28.55 | 28.11
Mean 2535 [ 27.37 | 2752 | 28.71 | 27.24 | 2193 | 22.29 | 2251 | 22.74 | 22.37
SO 2249 [ 2355 [ 2440 [ 2571 [ 24.04 | 1912 | 19.37 | 19.59 | 20.01 | 19.52
S1 28.51 [ 30.85 | 31.92 | 35.50 | 31.70 [ 22.77 | 23.29 | 23.77 | 2472 | 23.64
P S2 3579 | 38.31 [ 39.85 [ 4268 [ 39.16 | 27.17 | 27.79 | 28.52 | 29.05 [ 28.13
| | S3 3410 [ 3582 | 36.38 | 39.24 | 36.39 | 30.02 | 30.70 | 31.51 | 3191 [ 31.04
' Mean 30.22 | 32.13 [ 3314 [ 3578 | 3282 | 24.77 | 2529 | 2585 | 26.42 [ 25.58
! SO 2554 [ 27.07 [ 28.09 [ 29.20 [ 2748 | 21.35 | 2155 | 21.73 | 21.95 [ 21 65
Si 33.41 [ 36.75 [ 37.77 | 4212 | 37.51 | 24.70 | 2557 | 26.30 | 26.72 | 2582
P, S2 39.59 [ 4253 [ 44.71 [ 4702 [ 4346 | 30.83 [ 32.00 | 32.79 | 33.37 [ 32.25
S3 37.31 [ 40.52 | 42.15 | 4440 | 41.10 | 33.91 | 35.10 | 36.30 | 36.76 | 3552
Mean 33.96 | 36.72 | 38.18 | 40.69 | 37.39 | 27.70 [ 28.56 | 29.28 | 29.70 | 28.81
SO 25.02 [ 26.05 | 26.90 | 27.10 [ 26.27 | 21.77 [ 22.31 | 22.89 | 2258 | 22.39
I S1 3141 | 35.80 | 38.50 | 38.05 [ 35.94 | 26.10 | 27.53 | 28.01 | 2822 | 27.47
P S2 38.90 [ 42.11 | 45.25 | 45.13 | 42.85 | 31.51 [ 33.24 | 33.80 | 34.16 | 33.18
S3 35.03 [ 40.02 | 41.80 [ 40.80 | 39.44 | 35.70 [ 37.65 | 38.27 | 38.70 | 37.58
Mean 32.59 | 36.00 | 38.11 | 37.80 | 36.13 | 28.77 | 30.18 | 30.74 | 30.92 | 30.16
S0 23.71 [ 2413 [ 2523 [ 2440 | 24.37 | 2148 [ 2194 [ 2212 [ 21.86 [ 21.85
S1 30.57 | 3393 [ 3515 | 3421 | 3347 | 2510 | 2643 | 26.80 | 26.71 [ 26.26
Py 52 36.12 [ 38.70 [ 42.81 | 41.17 | 39.70 | 31.20 | 32.76 | 32.85 | 33.04 [ 32.46
S3 34.20 | 36.96 | 39.78 | 39.33 | 37.57 | 35.20 | 36.15 | 36.96 | 37.07 | 36.35
Mean 31.15 [ 3343 | 35.74 [ 34.78 [ 33.78 | 28.25 | 20.32 1 28.68 | 29.67 | 29.23
Average 30.65 1 33.13 | 34.54 [ 3555 | 3347 | 26.28 | 27.13 [ 2761 ] 2789 | 2723
LSD.; 05 P=1.1337("") PxS  =1638(*"") P=0.384("") Px§ =15833™")
\ §=0.733(") PxZn = 1.447(7) $=0.710(") PxZn_=1C 3NS)
| Zn=0.647("") SxS  =1.294("") Zn=0.490(*") SxS  =0.979iNS)
| PxSxZn= 2.894(NS) PxSxZn= 2.189(NS)
* See footnote Table (2, a).
Table (2b): Cont'd
Treatments Nile alluvial soil Caicareous soil
P } S Zn rate (kg fed) Zn rate (kg fed™)
(kgfed")[(kgfed)| Zno | Zny | Zn, | 2Zny [ Mean | Zn, | Zny | Zn, | Zn; | Mean
I ; {c)- S- Containing amino acid (%) 1- Cystine (%)
SO 0.091 [ 0.094 [ 0095 [ 0.097 [ 0.094 [ 0071 [ 0073 [ 0.073 | 0.075 | 0.073
S1 0.095 | 0.097 | 0.099 | 0.101 | 0098 | 0.077 | 0.079 [ 0.080 | 0081 '0.079
By S2 0116 | 0.121 1 0.122 1 0.124 | 0.121 [ 0.083 | 0.085 [ 0086 ;| 0087 | 0085
S3 0111 [ 0115 [ 0116 | 0.118 | 0.115 [ 0086 | 0.088 | 0.089 | 0.090 | 0088
Mean 0.103 1 0.107 | 0.108 [ 0.110 [ 0.105 | 0.079 | 0.081 | 0082 | €.083 | 0 081
S0 0.098 | 0.102 | 0.103 | 0.105 | 0.102 | 0.074 [ 0.076 | 0.076 | 0.078 | 0.076
S1 0.103 | 0.108 | 0.109 | 0.110 | 0.108 [ 0.081 | 0.083 [ 0.084 | 0.085 [ 0.083
P, S2 0.120 [ 0.124 [ 0.126 | 0.128 | 0.125 [ 0.086 [ 0.088 | 0.089 | 0.090 | §.088
S3 0.117 | 0.121 | 0.122 | 0.125 | 0.121 [ 0.090 | 0.092 | 0.093 | 0.094 [ 0.092
Mean 0.110 | 0.114 | 0.115 [ 0.117 [ 0.114 [ 0.083 | 0085 | 0.086 | 0.087 | 0.085
SO 0.104 | 0.108 [ 0.109 [ 0.111 | 0.108 [ 0.078 | 0.080 | 0.081 | 0.082 | 0.080
S1 0.113 10117 10119 [ 0.121 | 0.118 [ 0.086 [ 0.088 | 0.089 T 0090 | 0.088
P, . S2 0.122 1 0.126 | 0.128 | 0.130 | 0.127 T 0.090 1 0.082 [ 0083 | 0095 | 0093
| S3 0.120 | 0.125 | 0.126 | 0.128 | 0.125 [ 0.094 [ 0.096 | 0.097 [ 0099 T 0097
! Mean 0115 1011910121 10.123 [ 0120 [ 0087 [ 0089 1 0090 [ 0092 | 590 .
T S0 0103 | 0.107 i 0108 | 0110 | 0.107 [ 0080 [ 0C83 10083 ' 0084 , 5082 |
S1 0112 ;0116 ; 0117 | 0119 [0.116 [ 0088 [ 0090 [ 0091 ' 0092 ; 5090 |
P, S2 011910124 : 0125 | 0127 [ 0124 1 0.093 { 0095 | 0096 | 0098 | 5096 |
S3 0118 | 0.122 | 0.124 1 0126 | 0.123 [ 0096 | 0.088 [ 0099 . 0101 | C 099
Mean 0113 1 0117 1 0.119 [ 0.121 [ 0.118 1 0089 | 0091 [ 0C92 1 0094 [ 0092
S0 0100 [ 0104 1 0.105 1 0.106 | 0.104 10075 | 0.077 | 0.077 { 0.097 | 2077
S 0.107 [ 0.111 ;1 0111 | 0114 T 0111 1008310085 | 0085 [ 5.087 | 0 085
P, : S2 0.117 | 0.122 | 0.123 | 0.125 [ 0.121 | 0.088 [ 0.090 | 0.081 ; 0092 | 0 090
[ S3 0113 10.118 [ 0118 | 0.121 [ 0.118 [ 0.091 [ 0.083 | 0.094 [ 0.096 | 0.094
1 Mean 0110 1 0114 [ 0.114 [ 0117 [ 0114 | 0.084 | 0.086 | 0.087 | 0.089 | 2 087
Average 0110 10114 101151 0118 | 0.115 1 0084 | 0.086 | 0.087 | 0.089 | 0.087
LSD. P=0007(") | PxS__=0.007(N3) P=0005(") PxS__= 0.007/NS)
S=0003("") i PxZn = 0.005(NS) $=0.003("") PxZn = 0.006/NS)
20=0002("") T SxS =0 004(NS) Zn= 9 003(") SxS___=0005(NS)
f | PxSxZn= 0 009(NS) PxSxZn= 0 012INS)

* See footnote Table (IZ, a).
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Table (2b): Cont'd

Treatments Nile alluvial soll Calcareous soil
P — S Zn raife (Kg ec b Zn rate (kg fed )
q Ted J(kg fed ) Zno [Zny [ Zn; | Zn; [Mean | Zn Zn Zn; | Zn; | Mean
{c}- S- Containing amino aci steine {%])
50 0.085 | 0.087 | 0,088 | 0.089 | 0.087 | 0.065 | 0.066 | 0.066 | 0.068 | 0.066
S 0.086 | 0.088 | 0.089 | 0.050  0.086  0.066 | 0.068 ' 0.068 | 0.069 | Q068
P 52 0.052 | 0.094 | 0.095 | 0.096 | 0,094 | 0070 | 0.071 | 0072 | 0.073 | 0.072
S3 0.088 | 0.090 | 0.090 | 0.092 | 0.0%0 | 0.071 | 0.072 | 0.079 | 0.074 | 0073
Mean | 0.088 | 0.080 | 0.091 | 0.092 | 0.090 | 0.068 | 0.065 | 0.070 | 0.071 0070
SO 0.086 | 0.088 | 0.089 [ 0.09 0.088 | 0066 | 0.067 | 0.068 | 0.069 | 0.068
S1 0.080 0092 | 0.093 | 0.094 | 0.092  0.069 | 0.070 | 0071 0072 | 0.071
P, S2 0.107 | 0.110 | 0.110 | 0.112 | 0.110 | 0.079 | 0.087 | 0.081 | 0.083 | 0.081
[ 53 0.104 | 0.107 | 0.107 | 0.109 | 0.107 | 0.082 | 0.082 | 0.074 | 0.085 | 00.83
[ Mean | 0097 | 0.089 | 0.100 | 0.101 | 0.099  0.074 | 0.075 | 0.076 | 0.077 | 0.076
= 0092 | 0.094 | 0.095 0006 | 0.094 | 0067 | 0.068 | 0068 | 0.071 | 0.069 |
S 0.098 | 0,100 | 0.101 | 0,103 | 0.101 | 0.074 | 0.075 | 0.076 | 0.077 | 0.076
P, S2 0116 [ 0.119 | 0.120 | D.121 | 0.119 | 0.086 | 0.087 | 0.089 | 0.090 | 0.088
[ 53 0114 |00117 | 0117 | 0119 | 0.117 | 0.087  0.088 | 0.090 | 0.092  0.085
[ Mean | 0105 | 0.108 | 0.108 | 0.110 | 0.108 | 0.079 | 0.080 | 0.081 | 0.083 | 0.081
[ S0 0080 | 0.092 | 0.083 | 0.094 | 0.082 | 0070 | 0071 | 0072 | 0073 | 0072 |
[ Si 0007 0099 | 0.100 ., 0102 0100 0076 | 0.077 0078 | 0.080 | 0.078
P 52 0115 | 0.118 | 0.198 | 0.120 | 0.118 | 0.088 | 0.088 | 0.090 | 0.092 ! 0.090
53 0.111 | 0.114 | D.114 | 0.116 ] 0.114 | 0.090 | 0.091 | 0.092 | 0094 | 0.002
Mean | 0.103 | 0.106 0 106 | 0.108 | 0.106  0.081 | 0.082 | 0,083 | 0.085 | 0.083
S0 10087 | C.089 | 0.080 | 0091 | 0.089 K 0.066 | 0.067 | 0.068 | 0.068 | 0.067
51 0092 | 0.094 | 0.095 | 0.096 | 0.094 | 0.067 | 0.068 | 0.069 | 0.070 | 0.069
B, 52 0.108 | 0.110 | 0.111 | 0.113 | 0.111 | 0.074 | 0.075 | 0.076 | 0.077 | 0.076
53 0104 | 6.105 | 0.107 | 0,109 | 0.106 | 0.075 | 0.075 | 0077 | 0.078 | 0.076
Mean_ | 0.098 | 0.100 | 0.101 | 0.102 | 0.100 0071 | 0.071 | 0.073 | 0.073 | 0.072
Average 0.098 | 0.101 | 0.101 | 0.103 | 0.101 | 0.075 | 0.075 | 0,077 | 0.077 | 0.076
LS00 05 P=0.005("} PxS =0.007( P= 0.003("") PxS___=0.024(NS)
S=0.003() PxZn__= 0.004(NS) S=0.002(%) PxZn_= 0.053(NS)
Zn=10.002("") SxS_ = 0.004(NS) Zn=0.002¢7) | SxS_ =0.004(NSy _
PxSxZa= 0.008(NS) PxSxZn= 0.010(NS)
* See footnote Table (2, a).
Table (2b): Cont'd
Treatments | Nile alluvial soil Calcareous soil
P Zn rate (kg fed ) Zn rate (kg Ted )
(kg Ted Jlkg¥ed J| Zny | Zny | Zn, | Zn; [ Mean| Zng | Zn; [ Zn, | Zng | Mean
{c)- S- Containing amino acid {%) 3 Methmnme(%)
S 0.085 [ 0.090 | 0.093 [ 0.084 [ 0.092 | 0.068 [ 0.070 | 0.070 | 0.071 | 0.070
3 0.102 | 0.104 0106 [ 0.107 1 0.105 | 0.075 | 0.077 | 0077 | 0.078 | 0.077
Ps 52 G105 | 0.106 | 0.109 | 0.110 | 0.108 | 0.077 | 0.079 ' 0080 | 0.080 | 0.079
53 0104 | 0.105 | 0.106 | 0.100 | 0.106 | 0.081 | 0.081 0072 | 0.G84 | 0.082
“Mean | 0.100 | 0.102 | 0.104 | 0.105 | 0.103 | 0.075 | 0.076 | 0.077 | 0.078  0.077
) 0.067 | 0.100 | 0.101 | 0.102 | 0.100 | 0071 | 0.073 | 0.074 | 0.074 | 0.073
T 0.105 | 0.108 | 0.109 | 0.111 | 0.108 | 0.077 | 0.079 | 0.080 | 0.080 | 0.079
P, 52 0111 [ 0113 | 0114 [ 0116 | 0.114 | 0.079 | 0.080 | 0.080  0.083 | 0.081
53 0708 | 0112 | 0113 0115 ] 0.112 | 0.083 [ 0.084 | 0084 | 0.085 | 0084
Mean __ 0.105 | 0.108 | 0,109 | 0.111  0.109 | 0.078 | 0,079 | 0.080 | 0.081 | 0,079
50 §.103 | 0.107 | 0107 | 0.109 | 0.107 | 0074 | 0.074 | 0.77 | 0.078 | .076
£l 0112 | 0115 | 9116 | 0119 | 0.116 | 0.082 | 0.083 | 0.083 | 0 084 | 0.083
P, : Ss2 G117 [ 0121 | 0.122 | 0.124 | 0.121 | 0.084 | 0.085 0085 | 0087 | 0085
83 07116 | 0118 | 0119 | 0122 | 0116 | 0.085 | 0.086 | G087 | (088 | 0.087
Mean | 0.112 | 0.115 | 0.116 | 0.119 | 0.116 | 0.081 | 0.082 | 0.083 | 0.084 _0.083
S0 0,107 | 0165 | 0.106 | 0.107 | 0.105 | 0.075 | 0.077 | 0.078 | 0.079 | 0.077
‘ $1 0109 | 0112 | 0.114 | 0.195 | 0.113 , 0.082 | 0.084 | 0.085 0086 | 0.084
I $2 0116 | 0.120 | 0.120 | 0.122 | 0.120 | 0.085 | 0.086 | 0087 | 0.088 | 0.087
33 0114 [ 0116 [ 0118 0120 | 0117 | 0.086 [ 0087 | 0.088 | 0.089  0.088
Mean | 0.110 | 0.1413 | 0.115  1.116 | 0.114 | 0.082 | 0.084 | 0.085 | 0.085 | 0,084
S0 0.099 | 0.102 | 0.103 | 0.104 [ 0.102 | 0.072 | 0.074 | 0.075 | 0.076 | 0.074
3 0.106 | 0.110 | 0.111 | 0112 | 0.310 | 0.078 | 0.080 | 0.081 | 0.082 | 0.080
P, y 0.111 | 0.114 | 0.316 | 0.117 | 0.115 | 0.081 | 0.082  0.083 | 0.085  0.083
K 0108 | 07113 | 0.114 | 0.115 | 0.113 | 0.080 | 0.083 | 0.084 | 0.086 | 0.0853
Mean | 0.106 | 0.110 | 0.111 | 0.1412 | 0.110 | 0.078 0,080 | 0.081 | 0.082 | 0.080
Average 0107 | 0110 | 0117 | 0.113 | 0.110 0079 0080 | 0.081 | 0.082 | 0081
LS80, 087 P=0.001(") PxS__= 0 003INS P=0.002(") PxS__ =0 003(N3)
S=0.001() PxZn__= 0.003(NS §=0001(") PxZn__ = 0 O03(NS)
Zn= 0.001(") | 5x5 = 0.004(NS) | Zn=0.001(") | S5xS = 0 003(NS)
__PxSxZa= 0.006(NS) Px3xZn= 0 00B(NS)

* See footnote Table (2, a).
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Table {2c): Simple correlation coefficient (r) between the soil application
of P, S & Zn and dry matter, seed yield and its quality
characteristics of soybean grown on both the used soils.

Nutrient Dry . . . . _— . . ars |
applied | matter Seed vyield Qil Protein | S-Containing amino acids (%) |
(g plant”) (%) (%) (%) Cystine | Cysteine | methionine
Nile ailuvial soil -
P 0.9293™ | 0.9229 0.5782** | 0.8719"" | 0.6329™ | 0.7781" 0.7875""
S 08074 | 0.8127"* | 0.5765" | 0.8735*  0.7069"° | 0.7577" 0.8057
Zn 0.6532 | 0.6921"" | 0.5349" | 0.7236 | 0.5661"" | 0.5950"" 0.6355"

Calcareous soil
) P 0.9438" | 0.9096°° | 0.7956"° | 0.8549 | 0.6283 | 0.6135" 0.6670°°
S 0.7531° | 0.7487* | 0.6966" | 0.7653™ | 0.5868™" | 0.5639™ 0.6204°
[ Zn 0.5176"" | 0.551 0.5877° | 0.6327** 1 0.5236" | 0.5757** 0.5982"" |

* Significant at 0.05 probability level.** Significant at 0.01 probability level.

Concerning the interactive effect of treatments, the obtained data,
clearly showed that when the variables were applied in double combinations,
le. P XS, S X Zn & P X Zn, resulted in higher values of all the examined
parameters of soybean grown on both the used soils, reached the significant
level in many cases. In this concern, among the combined treatments of P &
S, P,S, and P,;S; applied to Nile alluvial and calcareous soils, respectively,
proved to be more effective in improving all the tested parameters. With
respect to combining P & Zn, it was found that the dry matter and crop yield:
and seed oil content appeared better response to P,Zn; and P3Zn; treatments
in Nile alluvial and calcareous soils successively, while the higher protein and
S-amino acids contents come on P,Sn; & PiZn; applied to the respective
soils. With regard to association of S & Zn, the associated applications of
S.Zn, to alluvial and S3Zn; to calcareous soils proved to be superior for
growth, crop vyield and oil percent, whereas S;Zn; & SaiZn; being more
effective for protein and S-amino acids of soybean grown on the respective
soils. The tri-interactive effect of treatments was found to be the most for
improving all the studied soybean traits in both the used soils. In this concern,
combined applications of P,S,Zn, & P3S;Zn; had the superiority for the dry
matter production, seed yield and oil content, on Nile alluvial and calcareous
soil, respectively, while those of P,S;Z2n; & P3S,Zn; being more effective for
protein and S-amino acids under the respective soil conditions.

In general, the above interactions can indicate that S-application as
accompanied with P and/or Zn fertilization resulted in the most superior state
of soybean growth, seed yield and its quality parameters in both the soils
used. This could be due to the favourable influence of S fertilization on the
plant utilization of nutrients. either the present native in the soil or added,
which was evident from the increased uptake of nutrients ( Table 3 ,a). Itis
interesting to note that, such synergistic relationships being more pronounced
at lower application levels. In this concern, Randhawa (1995) reported that P
and S interaction to be synergistic at lower and antagonistic at higher rates
for wheat crop. Sud ( 1996) s tated that c ombined application of P and S is
better, as it increased not only, potato yield but also enhanced nutrient uptake
and recovery from soil and applied fertilizer. Islam et a/. (1997) obtained a
significant increase in grain yield by adding P & S together, in a rice-mustard
cropping system.
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Table (3a): Phosphorus, sulfur and zinc uptake by soybean seeds as affected
by all treatments applied to both the used soil types.

Treatments Nile alluvial soil Calcareous soil
P S Zn rate (kg fed™) Zn rate (kg fed')
(kgfed)i(kgfed”)] Zn, | Zns [ Zn2 | Zn; [Mean [Zno[ Zny | Zn, | Zn; | Mean
| Phosphorus (mg plant”}
[ SO 26.20 [29.80[31.82[30.50] 29.58 [19.22/ 20.79 | 22.70 [ 21.34 [ 21.01
| St 27.32 [31.15[33.08[32.61] 31.04 [22.51] 23.91 [ 24.71 [ 24.01 | 23.79
Po 52 32.22 |36.70[39.18[37.42) 36.38 [24.71] 25.85 [ 27.01 | 26.31 | 25.97
S3 29.70 [33.91[35.97[34.52] 33.53 [27.53] 28.70 | 29.95 | 29.44 | 28.91
Mean | 28.86 [32.89[35.01[33.59 32.63 23.49 24.81 126.09 [ 25.27 | 24.92
S0 | 31.30 |36.31]38.52]37.27] 35.85 [22.9124.72 | 26.35 [ 25.44 | 24.86
S1_ | 37.14 ]43.10[45.72/44.26] 42.56 127.80[ 30.12 [ 32.12 131.27 | 30.31
P, S2 | 50.51 |58.71/62.1760.16[ 57.89 [32.11] 35.20 | 37.23 [ 36.12 | 35.17
| S3 | 4547 |53.37|55.72/53.73] 52.00 [36.20] 39.16 | 42.01 | 40.17 | 39.39
— | Mean | 41.03 ]47.87/50.53]48.86] 47.08 [29.76] 32.30 [ 34.43 [ 33.24 | 32.43
SO 38.70 |45.70/48.72/47 21 45.08 [27.71] 32.13 | 33.10 [ 32.14 | 31.27
St 4561 |53.79/57.52/55.74] 53.17 [33.56] 37.61 | 40.34 [ 39.29 | 37.70
P, S2 56.33  66.54]71.11/68.69! 65.67 [36.43| 42.19 | 43.40 | 42.58 [ 41.15
S3 50.27 [59.8563.32[61.34] 58.70 [41.22 47.15 | 49.18 [ 48.12 | 46.42 |
Mean 47.77 56.47160.17/58.25( 55.66 [34.73[ 39.77 | 41.51 [ 40.54 | 39.14 |
SO 39.80 [47.13/50.17/48.54] 46.51 [30.15] 35.01 [ 37.51[37.12 | 34.95 |
S1 47.21 155.93[59.54/57.60] 55.07 [35.50] 40.91 [ 44.3543.35 [ 41.03 ]
P, S2 57.72 |68.38(72.27|71.11] 67.37 [38.11] 44.26 [ 47.50 [ 46.15 | 44.01 |
S3 52.47 |61.17/66.12[63.51] 60.82 [42.35 48.12 | 52.95 | 51.35 | 48.69 |
| Mean | 49.30 [58.15162.03160.29] 57.44 [36.53| 42.08 | 45.60 | 44.49 [ 42.17 |
\ | S0 | 36.21 [40.55/45.81]43.45] 41.53 [30.07] 35.50 | 37.56 | 36.50 | 34.91 |
O [ S1 47.90 |53.64160.31/56.51] 54.59 |36.44] 41.96 | 45.61 | 43.70 | 41.93 |
[ Ps | S2 ] 53.10 [59.42(65.44/62.73| 60.17 [40.21] 46.42 [ 50.31 [ 47.20 [ 46.84 |
[T S3 [ 749.18 [55.10/60.82[58.03] 55.78 |44.50] 50.11 | 54.94 [52.70 | 50.56 |
| Mean | 46.60 ]52.1885.10[55.18] 53.02 |37.81] 43.50 [ 47.11 [ 45.03 [ 43.36
Average 42,70 [49.51/53.17]51.23] 49.15 [32.46] 36.49 [ 38.95 | 37.71 | 36.40
LSDyo0s): P=1.142(") [PxS =1.660("") | P=0.799("") PxS  =1.500("")
f S=0.724 (**) [PxZn  =1044(**)[S=0.671(") PxZn =1.067("*) |
| ] 1 Zn=0.869(") |SxS =1.739(NS)[Zn=0.477("") SxS =0.955(NS) |
\ T i ! PXSxZn= PxSxZn= 2.134(NS) |
| | | 3.888(NS) |

* See footnote Table (2, a).

The enhancement effect of combined application of P & Zn at lower doses
could be explained on the basis that P and Zn do not antagonize each other
when the two are in balance but antagonize each other when they are note in
balance (Wang et al., 1990). Tamei (1993) obtained the highest shoot growth
of cotton plants, in a nutrient solution culture, by adding high Zn and low P,
while the lowest growth found at low Zn and high P supply. These findings
have been supported by those recorded by Babhulkar et al. (2000),
Randhawa & Arora (2000) and El-Sallami (2001).

It). Nutrients status in seed:

Status of nutrient in soybean seed, as expressed by uptake of P, S &
Zn is though to give a clear response to interactions of P, S & Zn applied to
soybean. All the treatments positively affected the nutrients absorption, with
varying in the magnitude of the response following the concerned nutrient,
applied treatment and the soil used (Table 3, a).

The obtained results revealed an increase in P, S & Zn uptake due to
application of treatments, reached a high significant level in all the individual
and in most double treatments, while the tri-combined ones had no significant
influence. This is true in both Nile alluvial clay | oam & nd c alcareous s andy
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loam soils, with higher figures under the former soil than the latter one
conditions, which could be attributed to proper characters and fertility status
of the first soil as compared to the second one (Table 1, a & b).

Table (3a): Cont'd

Treatments Nile alluvial soil Calcareous soil

P | S Zn rate (kg fed”) - Zn rate (kg fed™)
kg fed"){kg fed )| Zno, | Zny | Zn, | Zn; [Mean]| Zn, | Zny | Zn, | Zn; | Mean
Sulphur (mg plant™)
SO | 15.04[17.75[19.70 [22.11]18.65]10.50 | 11.70 ] 12.97 [ 13.78 [ 12.24
1 "S1 |18.10|21.37 | 23.35]24.7121.88 | 12.51 | 13.87 | 15.44 16.48 | 14.58

| P, | S2 [2256[2551129.13]30.91[27.03][13.9314.3117.14 1854 | 1598 |
[ | S3 [21.96]25.60]28.33]28.50 [26.10]14.39]15.85] 18.06 | 19.31 | 16.90 |

| Mean [19.42]22.56125.13]26.56 | 23.42 [ 12.83 [ 13.93[15.90]17.03[14.92
‘ ~ | S0 |16.50]19.74]21.85[25.71]20.95]11.70 [ 12.95 [ 14.37 | 15.32[ 13.59 |
S1 | 21.45|26.11]29.15[29.82 | 26.63 [ 13.95| 15.50 | 17.83 | 18.83 [ 16.53
P, S2 [ 25.49[31.50]34.21[37.49[32.17 [14.49 [ 16.97 [ 19.77 | 20.91 [ 18.04
S3 | 25.15|30.4333.74 [ 36.90 | 31.56 | 15.24 [ 19.00 | 20.62 [ 21.94 [ 19.20
Mean | 22.15| 26.95|25.74 | 32.45 1 27.23113.85 | 16.11 | 18.15] 19.25 | 16.84 |
SO |19.1023.32[26.47|27.52 [ 24.10 | 12.81 [ 13.97 | 15.61 | 17.30[ 14.92]
S1_ [ 2345]29.10]33.29[34.00[29.96 [ 14.15 | 15.82 | 18.25 | 18.91[ 16.78 |
P, S2 [88.5735.70]40.57 [41.01|36.46 | 15.95| 17.81 | 21.46]22.82 | 19.50 |
S3 [27.90/34.04[38.22[40.44[35.15/16.93|19.65[23.31[24.10 | 21.07
Mean |24.76]30.54 [ 34.64 | 35.74[31.42 | 14.95 | 16.81]19.66 | 20.78 | 18.07 |
SO | 21.05]25.52|29.45]|30.53 [ 26.64 | 13.81 | 14.87 | 16.94 | 17.96 | 15.90
S1 | 24.99]31.0335.00]35.22|31.56 | 15.22 | 16.33 | 18.49 | 19.48 | 17.38
Ps S2  [30.45[37.12[41.62[41.80[41.80 [16.90 [ 20.55] 23.27 | 25.52] 21.56
S3  [29.13[35.8039.89 [ 38.92 [ 38.92 | 18.07 | 20.27 | 24.10 | 25.58 | 22.00
Mean |26.41[32.37 [ 36.49 [36.57 [ 36.57 | 16.00 | 18.00 [ 20.70 [ 22.14 | 19.21
18.01]24.70 25.61]26.93]23.81[12.81]14.91] 17.56 ] 19.20 { 16.12
[ | S1_]22.35[27.8030.8232.72[28.41] 14,51 | 17.40 | 20.32 | 22.75 | 18.75
P. | S2 |26.82]35.30]37.55|38.10|34.44 [ 17.81|20.36 | 23.81| 24.70 | 21.67
S3 | 25.05[32.51/35.2035.01[31.94[18.11]22.90 [ 24.99]25.11[22.78 |
Mean |23.06 | 30.10 | 32.30 | 33.19 | 29.65 | 15.81 | 18.89 | 21.67 | 22.94 | 19.83
Average 23.16 [28.50 [ 31.67 [ 32.90 [ 29.06 [ 14.69 [ 16.75 | 18.22] 20.43 [ 17.77 |
LSD.gs;: P=1233(") | PxS =1.295("") [ P=0.535(*) | PxS =1.179() |
S=0.579(**) | PxZn =1.115(*") | $=0.528(*") | PxZn =1.095(")
Zn=0.500("*)] SxS =0.997(**) |Zn=0.490(**)] SxS =0.980("")
| PxSxZn= 2.230(NS) [ PxSxZn= 2.191 (NS)
* See footnote Table (2, a).

w
o

Regarding the response to application of P, S or Zn alone, the highest
P & S absorption due to P fertilization was attained with P; & P, levels in Nile
alluvial and calcareous soils successively, whereas the lowest P, treatment
gave the peak of Zn uptake in both the used soils. The stimulating action
encountered for P application on nutrients uptake can be ascribed to its
important role in encouraging the biological activities in soils, which may lead
to more availability of nutrients (Table, 4). Also, presence of sufficient P
quantity in the root-zone of plants being necessary for suitable roots
development and in turn increase their efficiency for more uptake of nutrients
(Masthan et al., 1998). On the other hand, the reduction in Zn absorption
caused by higher P doses could possibly be due to the negative effect of

a
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excessive P levels on Zn availability’(Table, 4) and translocation and /or
utilization (Robson, 1993 and Yang et a/.,, 1999). These findings have been
confirmed by those of Borges & Mallarino (2000), Reddy & Ahlawat (2001)
and Mohammed (2003). Irrespective of P & Zn fertilization, S, and S,
treatments achieved the highest uptake of the three nutrients (i.e. P, S & Zn),
in Niie alluvial and calcareous soils successively. Such promotive effect of S
amendment on nutrients uptake probably due to its important role in reducing
pH of the soils, through its oxidation to sulfuric acid by soil microorganisms,
and subsequently resulted in solubilization and availability of nutrients to
plants (Table, 4). In this connection, the availability of nutrients in soils
caused by S and/or P treatments reflected on the growth and crop yield and
its quality traits of soybean grown on both the used soils, as previously
cleared (Table 2, a & b). The obtained results go along with those given by
Falih (1996), Kachhave et al. (1997), Singh & Aggarwal (1998) and Sakal et
al. (2000). With respect to Zn fertilization, it was found that Z n,, treatment
more effective for P uptake, while that of Zn; was the best for absorption both
of S & Zn in both the soils used. The favourable influence of Zn application on
nutrients uptake could be related to higher dry matter production and crop
yield in plants fertilized with Zn than those non- fertilized (Table 2, 2), where
Zn application helps in more utilization of N and P by plants and, however, it
plays a vital role in oil, protein and S-amino acids synthesis (Table 2, b) as
well as nucleic acids, thus more demand to nutrients supply (Robson, 1993).
These findings are in line with those reported by Malewar et al. (2001),
Sharma & Pal (2001) and Sankaran et al. (2002). it is interesting to mention
that, there were highly significant and positive correlations between the
nutrient uptake and the application of P, S and Zn to both the used soils
(Table 3, b). However, it was found a positive correlations, reach to be highly
significant in most cases, among the uptake of nutrient by seed and crop
yield and its quality attributables (Table 3, ¢).

Concerning the interactive effects of treatments, the obtained data
showed that the double combined applications being more effective than the
single one, while the tri- combinations had the most effect, for enhancing the
nutrients taken by seeds of soybean grown on both the studied soils (Table 3,
a). With regard to conjunctions of P & S; PsS; and P,S; levels being more
superiority in Nile alluvial and calcareous soils, respectively, for uptake both
of P & S, whereas P,S, & P,S; brought the top of Zn uptake in the respective
soils. W ith respect to combining P & Zn, the highest P uptake occurred at
PsZn, and P,Zn, rates applied to Nile alluvial and calcareous soils
successively, PsZn; and P,Zn; being more effective for S uptake in the
successive soils and P,Zn; treatment in both the used soils appeared the
peak of Zn uptake. Among the combined applications of S & Zn; S,Zn; and
S,Zn; levels proved to be superior for P uptake in Nile alluvial and calcareous
soils, respectively, while $§,Zn; and Ss;Zn; being more effective for uptake
both of S & Zn in the respective soils. When P, S & Zn were applied together,
the superiority of P absorption was brought about P3S:Zn, and P;S;Zn,
treatments in Nile alluvial and calcareous soils, respectively, P3S,;Zn; and
P;SsZns proved the superiority for S uptake in the respective soils and
P:S2Zn; & P;S3Zn; performed the top of Zn uptake in the above soils,
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respectively. The promotion effect of S treatments combined with P and/or Zn
fertilization on nutrients uptake could be attributed to an increase in
availability of native and applied nutrients (Table, 4), and the increased
efficiency of soybean plants to utilize, recovery and absorb nutrients from
applied fertilizers. Already these synergistic relationships of P, § and Zn
being more profound at iower application rates, where the deleterious effect
of heaviest doses may occur.

Table {3a): Cont'd

Treatments Nile altuvial soil ) Calcareous sou
P | s Zn rate (kg fed™} o Zn rate (kg fed”) |
(kg fed")i(kg fed ")l Zn, | Zn, | Zn; | Zn; [Mean| Zng 1 Zn [7Zn; [ Zn; [Mean
! Zinc (ug plant’ i) ﬁ;
S0 160 | 221 249 [ 275 | 226 | 133 | 166 | 190 | 201 | 173

51 178 | 238 | 271 | 292 | 245 | 151 | 183 | 217 | 230 | 195
[ 221 | 290 { 332 | 365 | 302 | 170 | 217 | 249 | 261 | 224

S3 | 209 | 275 | 313 | 347 [ 286 | 189 | 241 | 275 | 289 24%
7790 | 256 | 291 | 320 265 | 161 | 202 | 233 | 245 | 210

l
S0 | 205 | 200 | 323 | 344 | 291 ) 165 | 203 | 235 | 252 | 214 i
§1 | 230 | 328 | 365 | 360 | 328 | 191 | 235 | 275 | 292 | 248 |
|
, |

P, | 82 291 | 417 | 460 | 482 | 415 | 220 | 271 | 312 | 335 | 284

S3 273 | 388 [ 431 [ 462 | 389 | 244 | 301 | 349 | 371 | 316
« Mean | 250 | 356 | 395 | 422 | 356 | 205 | 252 | 293 | 313 | 266
| ) 198 | 277 | 315 | 337 | 282 | 160 . 196 | 230 | 242 | 207
S1 | 217 | 304 [ 345 | 368 | 300 | 184 | 225 | 250 | 280 | 237

P, §2 | 277 | 386 | 440 | 471 | 394 | 200 256 | 203 | 317 | 269 |
X! 250 | 363 | 411 | 441 | 369 | 232 | 285 | 325 | 352 | 299 |
Mean | 238 333 | 378 | 404 | 338 | 196 | 241 | 277 | 298 253 |
S0 195 | 271 | 310 | 331 | 277 | 152 | 188 | 221 | 237 | 200
Y 214 | 209 | 339 | 362 | 304 | 173 | 215 | 251 | 270 | 227 |
P, | S§2 | 267 | 372 | 425 | 454 | 380 | 196 | 245 | 285 | 303 | 257
S3 251 | 355 | 399 | 426 | 358 | 218 | 271 | 318 | 331 285
Mean | 232 | 324 [ 368 | 393 320 | 185 | 230 | 269 | 285 | 242
) 190 | 265 | 303 | 325 | 271 | 145 | 183 | 210 | 230 192
S1 210 | 291 | 335 | 357 | 208 | 164 | 207 | 240 | 259 | 218
Pa 32 260 | 362 | 417 | 443 | 371 | 186 | 233 | 270 | 295 | 246
S3 247 | 344 [ 395 1 419 [ 351 | 205 [ 259 | 299 | 325 | 272
Mean | 227 | 316 | 363 386 | 323 175 | 221 1728 U277 [ 232
Average 227 | 317 | 359 | 385 | 322 | 184 | 729 | 265 | 284 @ 241
L LSDow P=12.883(") sz =4.007(") _ P=10. 668(“)[ PxS  =6.965("")
; S=1.832(°") | PxZn_=5.715("") | S=3.115(*) | PxZn =6.614(""} |
; [Zn=723556(")] Sx§ =5111(""} [Zn=2.958(""}] 5xS -5916(*')j
[ | PxSxZn= 11.429(NS) [PxSxZn= 13.229(NS) |

* See footnote Table (2, a).

e

Table (3b): Simple correlation coefficient (r) between the soil application
of P, 8 & Zn and their uptake by seeds of soybean grown on

both soils.
|_Nutrient . Nile alluvial soil : Calcareous soil ]
| applied Nutrient uptake Nutrient uptake
P S Zn P S ! Zn
P 0.6378" 0.3939° 0.2137" 0.7398" 0.4432" 0.1035
S 0.3672" 0.4920* 0.3969"* 0.5230** 0.5280" 0.5974*
Zn 0.2299™ 0.4942"* 0.6766** 0.1931** 0.5299™" 0.6403**

* Significant at 0.05 probability level.** Significant at 0.01 probability level.
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Table {3c): Simple correlation coefficient {r) between the total P, S & Zn
" uptake by seeds and crop yield and its quality u nderthe
used soils conditions.

Nutrient | Seed yield [ Oil _[Protein | S-amino acids (%) ]
uptake | (gplant”) [ (%) (%) | Cystine | Cysteine [ Methionine
Nile alluvial soil
P 0.6038** 0.0163 [0.3714**| 0.2052** | 0.3463** 0.3649"
[ S 0.3466** | 0.3606*" |0.5765**| 0.4971** | 0.5226** 0.4816*"
| Zn 0.1937* 0.0563 |0.2391**| 0.1934** | 0.1230" 0.2330*
' Calcareous soil
P 0.6677** | 0.4214** [0.451** | 0.2399** | 0.2212** 0.2885""
S 0.5281** | 0.6360** |0.8012**| 0.5533** | 0.5572** 0.5961**
Zn 0.1000 0.0641 | 0.0839 | 0.1312* | 0.1301" 0.1980*"

* Significant at 0.05 probability level.** Significant at 0.01 probability level.

It is noticed that the efficiency of double combined treatments to bring more
nutrients uptake by seeds could be arranged in parallel with the previous
order of them for growth, crop yield and its quality. Concerning the tri-
interaction of variables, although the tri-combined treatments had the most
effect , they did not reach the significant level in all studied cases. The
obtained results are in coincidence with those of Rao & Shukla (1999) on
rice, Islam et al. (1999) on wheat, Babhulkar et al., (2000) on safflower,
Randhawa & Arora (2000) on wheat and Sharaf et a/. (2001) on mango.

1i1). Available nutrients status in post harvest soils:
Soil application of P, S and Zn to soybean improved the residual
availability of nutrients status after harvest crop (Table, 4).. .

Table (4): Available phosphorus, sulfur and zinc nutrient status in post-
harvest soils as influenced by the concerned treatments .

[ Treatments Nile alluvial soil ! Calcareous soil
P S Zn rate (kg fed™) | Zn rate (kg fed™)

kg fed”)(kg fed™)| Zne | Zny | Zn, | Zn; [Mean| Zn, | Zny | Zn, | Zn; |Mean
Phosphorus [mg kg™ soil)
S0 [10.63710.77[11.11]11.16[10.92] 7.01 | 7.03 [ 710 [ 7.08 | 7.08
S1 110.8711.30| 11.79 | 11.80|11.44 | 7.44 | 747 | 7.82 | 7.93 | 7.67
S2 111.10[11.74|12.27 [ 12.10|11.80[ 7.63 | 7.81 | 8.16 | 8.14 | 7.94 |
11.00 | 11.58 | 11.81111.90 [ 11.57 | 7.91 | 7.99 | 8.46 | 8.22 | 8.15 |
Mean |10.90| 11.35]11.7511.74 | 11.43 | 7.50 | 7.58 | 7.89 | 7.84 | 7.70 |
SO | 11.6612.21 12,57 | 1268 | 12.28] 7.37 | 7.45 | 7.61 | 7.63 | 7.47
S1  12.2213.3113.81|13.70 | 13.26 | 7.70 | 7.80 | 8.21 | 8.33 | 8.01
12.76 [ 14.03 | 1450 | 14.43_13.94 | 7.98 | 8.10 | 8.47 | 855 | 8.28
| S3 [12.67/13.91[14.25114.15[13.75| 819 828 | 8.73 | 872 | 8.48
" Mean |12.33|13.37[13.78:13.74113.31 7.81 | 7.91 | 8.23 | 8.28 | 8.06
| S0 |12.41/13.22]13.41 ' 13.52113.14 ! 8.00 | 8.07 | 8.11 | 8.08 | 8.07
S1  113.20]14.70 | 15.12:15.10 | 14.53 | 8.57 | 915 | 9.31 | 9.37 | 9.10

BR

T

Al
@

-
.

\
{

[P, S2 [14.05]15.52|15.87;15.81[15.31] 8.71 | 9.35 | 9.55 | 9.61 | 9.31 |
r { 83 11381]15.15[1553:1554[15.01] 9.01 | 961 | 9.73 | 966 | 9.55

L { Mean [13.37114.65[14.91;14.99|14.50] 857 [ 9.05] 9.18 [ 9.18 [ 9.01

.
[7]

ee footnote Table (2, a).

5838



J. Agric. Sci. Mansoura Univ., 28 (7), July, 2003

Table (4): Cont'd.

[ Treatments | Nile alluvial soil Calcareous soil
P | S | Zn rate (kg fed™) Zn rate (kg fed™)
kg fed )(kg fed™) Zne | Zn, | Zn, | 2ns [Mean| Zn, | Zn( | Zn, | Zn; | Mean

Phosphorus (mg kg™ soil)
S0 [13.22[14.38[14.64[14.81[14.26] 855 [ 865 | 871 | 8.62 | 8.63
S1  [14.45[15.41[1553]15.28[15.17 9.33 | 9.87 [ 10.10 9.96 | 9.82
Ps S2 [15.01]15.75]15.91[15.42 [ 15.52] 9.59 [10.05] 10.14 10.12] 9.98
S3  114.80 | 15.40 | 1541 | 15.27 | 15.22 | 9.76 | 10.22 ] 10.17 | 10.05 1 10.05 |
Mean |14.37 [15.24 [15.37 [15.20[15.05] 9.31 [ 9.70 | 9.78 | 9.69 [ 9.62
L SO [12.71[12.92[13.33]13.39[13.09] 8.88 | 9.01 | 9.05 | 8.97 | 8.98 |
T S1_ [13.00[13.56][14.15]14.16[13.72] 9.71 [10.25]10.5110.33 [ 10.20
P. S2  [13.32]14.10]14.71]14.52[14.16] 9.97 [10.43[10.53] 10.51 [ 10.36
S$3  [13.20[13.81][14.25]14.28[13.89] 10.11 [ 10.65] 10.57 [ 10.45 [ 10.45
Mean | 13.05[13.60 [ 14.10[14.09]13.71 | 9.67 [10.09 10.17[10.07 [ 10.00
[ Average 12.80 [13.64 [13.98[13.95/13.60] 8.57 | 8.87 | 9.05 | 9.01 | 8.88
I T | Sulfur (mg kg™’ soil)
f R 762 | 764 | 766 | 7.71 [ 7.66 | 484 | 485 | 483 | 4.89 | 4.87 |
| ER 781 | 7.93 | 801 | 822 | 799 | 497 | 510 | 524 | 522 | 5.13 |
L_Po S2_ [796 | 802 | 816 | 851 | 816 | 511 | 521 | 537 | 5.42 | 5.27
S3 7.91]795| 811 [ 845811 | 517 | 525 | 547 | 544 | 5.33
Mean | 783 789799822798 502|510 ] 524 524 | 515 |
SO | 828833839 839835511527 [533]539 528
$1 8.51 [ 8.82 [ 920 [ 9.22 | 894 [ 531 [ 547 | 572 | 5.82 | 5.58
P, S2 [ 8.87 | 9.51 [10.30 | 10.67 | 9.84 | 545 | 5.65 | 5.78 | 5.85 | 568
S3 [877 1922 [10.11]10.39] 9.62 | 557 | 571 | 5.85 | 5.97 | 5.78
Mean | 861 [ 8.97 | 9.50 [ 9.67 | 9.19 [ 5.36 | 5.53 | 5.67 | 5.76 | 5.58
SO [870]9.01 912 [9.10 [ 898 [ 533 [ 559 | 569 [ 571 1 5.58
S1 9.21 [ 9.52 [ 10.25[10.21] 9.80 | 5.55 [ 5.95 | 6.25 | 6.31 [ 6.01
9.87 [10.72[11.10[10.95[10.66| 5.81 | 6.18 | 6.39 | 6.51 | 6.22
S3 9.61 | 10.50 | 10.85 [ 10.63 | 10.40 | 5.97 | 6.24 | 6.52 | 6.65 | 6.35 |
Mean | 935 | 9.94 1 10.33}10.22] 9.96 | 567 | 5.99 | 6.21 | 6.30 | 6.04 |
SO [ 9.31 [9.81 [10.01[10.14| 9.82 | 571 | 6.01 | 0.90 | 578 | 5.90
10.22[10.50 [ 11.40[11.20[10.83 | 6.31 | 6.61 | 7.11 | 6.97 | .75
3 S2 [ 10.85[11.34 [12.02[11.22[11.36] 651 | 6.97 | 7.33 | 7.11 | 6.98
S3_ [10.57 (114711561 [1147 11,11 675 [ 7.21 | 759 | 745 | 7.25
Mean | 10.24]10.71]11.24110.93[10.78] 632 | 6.70 | 7.03 | 6.83 | 6.72
SO [ 896 911933937 | 913 [ 531 569|577 | 570 | 562
S1 9.50 | 9.78 [10.55[10.45 [10.07 | 5.85 | 6.37 | 6.65 | 6.39 | 6.32 |
10.01 110.61 [ 11.15]10.401]10.54 | 6.11 | 6.55 | 6.91 | 6.51 | 6.52
S3_ [ 9.80 [10.40[10.71[10.40 (1033 | 6.32 | 6.95 | 7.01 | 6.77 | 6.76
Mean | 9.50 | 9.98 | 10.44[10.14[10.02 | 5.90 | 6.39 | 6.59 | 6.34 | 6.31
Average 911 {950 [990]9.84 [ 959 [ 565 [ 594 [ 6.15 [ 6.09 | 5.96 |
* See footnote Table (2, a).
The available P increased with the increasing rates of its addition up to P; &
P, levels in Nile alluvial and calicareous soils, respectively, extractable S
(80.-S) increased up to S, and S, levels applied to the respeclive soils; while
DTPA extractable Zn slightly raised up to Zn; level in most cases of both the
used soils. The synergistic effect of the associated treatments on the
nutrients availability to plants was observed in both the soils, which may be
arranged in the previously mentioned order of yield and nutrients uptake in all
cases, the magnitude of the response to treatments is more pronounced with
lower application levels, where the heavier doses may be caused imbalance
or disturbance in soil solution resulted in reducing of nutrients availability, and

N
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in turn reflecting on the growth, crop yield and its quality as well as nutrients
status in seeds. Again, the above trends are true in both the used soil types
with lower values of nutrients availability in the calcareous than the Nile
alluvial soil, which may probably be a reflection to the characteristics and
fertility status of each (Table 1, a & b). the results agree with those of
Suberhmanyam et al. (1991), Robson (1993), Randhawa & Arora (1997)

Table (4): Cont'd.

[ Treatments Nile alluvial soil Caicareous soil

P T s Zn rate (kg fed™) Zn rate (kg fed™)

kg fedMikg fed™] Zn, [ Zn, [ Zn, [ Zn; [Mean| Zny | Zn, | Zn; | Zn; |[Mean
Zinc (mg kg™ soil)

) 0.90 | 1.01 | 1.08 | 1.02 | 1.00 | 0.59 | 0.60 | 0.62 | 0.62 | 0.61
Si 0.95 [ 110 [ 113 [ 1.16 | 1.09 | 0.61 | 0.63 | 0.65 | 0.66 | 0.64 |
[ S2 1.07 [ 117 [ 120 | 1.22 [ 1.17 | 0.63 | 0.65 [ 0.68 | 0.70 | 0.67 |
S3 1.03 [ 115 116 [ 117 [ 1.13 | 0.65 [ 0.67 | 0.70 | 0.71 | 0.68 |
Mean | 0.99 [ 1.11 | 114 | 1.14 | 110 | 0.62 | 0.64 | 0.66 | 0.67 | 0.65

SO 113 127 {133 1 137 [ 1.28 | 0.70 { 0.75 | 0.77 | 0.78 | 0.75

S1 120 | 1.39 | 1.43 | 147 | 1.37 | 0.74 { 0.79 | 0.82 | 0.85 | 0.80

P, S2 1.35 | 1.47 | 1.52 | 1.53 | 1.47 | Q.77 | 0.83 | 0.83 | 0.87 | 0.83

S3 1.31 | 143 | 147 | 149 | 143 | 0.80 | 0.85 | 0.85 | 0.89 | 0.85

Mean | 1.25 | 1.39 | 144 | 147 | 1.39 | 075 | 0.81 | 0.82 | 0.85 0.81

SO 111 [ 124 | 131 [ 1.33 [ 1.25 | 0.70 | 0.73 | 0.75 [ 0.77 | 0.74

S1 117 [ 1.36 | 1.39 | 143 [ 1.34 | 0.72 | 0.77 | 0.81 | 0.84 | 0.79

P2 S2 1331144 [ 149 150 144 [ 075 0.81 [ 0.82 [ 0.85 [ 0.81 |
1 's3 [ 1281141144 (143139077 ]082]0.83 086|082

| Mean | 122 [ 136 ] 141 [ 1421135074 [0.78 [ 0.80 | 0.83 | 0.79

SO 1.06 [ 118 | 122 | 1.25 | 118 | 067 | 0.70 | 0.72 | 0.73 | 0.71

S1 111 [ 1.30 | 1.35 | 1.37 | 1.28 | 0.70 | 0.75 | 0.77 | 0.80 | 0.76

P3 S2 125 1135|140 | 143 | 1.36 | 0.72 | 0.78 | 0.81 | 0.81 | 0.78

S3 121 | 132 | 136 { 1.35 | 1.31 | 075 | 0.79 | 0.82 | 0.82 | 0.80

Mean | 116 {129 | 1.33 ] 1.35 | 1.28 | 0.71 | 0.76 | 0.78 | 0.79 | 0.76

S0 0.98 | 109 | 1.17 | 1.15 | 1.10 | 0.63 | 0.65 | 0.67 | 0.67 | 0.66

S1 103 [ 1.20 | 1.23 | 1.26 | 1.18 | 0.65 | 0.70 | 0.74 | 0.75 | 0.71

[ P 82 1151127 |1 1.30 | 1.28 | 1.25 | 0.67 [ 0.73 | 0.76 | 0.74 | 0.73

S3 111 1124 | 127 | 125|122 | 070 | 0.74 | 0.76 | 0.74 | D.74

Mean | 1.07 { 120 | 1.24 | 123 } 1.19 | 066 | 0.71 | 0.73 | 0.73 | 0.71

Average 114 [ 127 [ 131 1 132 [ 126 | 070 [ 0.74 [ 0.76 [ 0.77 | 0.74

* See footnote Table (2, a).
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