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ABSTRACT

Two field experiments were carried out during the twe early-summer
growing seasons of 2003 and 2004 on a sandy soil at EI-Gebeel area, South Sinai
to study the effect of both irrigation water quality (WQ) and surface drip (SDj or
subsurface drip (SSD) irrigation systems on nutrient levels in soil and tomato
netioles, Five water resources with different salinity levels were used (WQ1 = 0.88
d&/m as control, WQ2 = 1.90, WQ3 = 3.98, WQ4 = 6.20, and WQ5 = 10.00 dS/m)
far irrigating tomato {Lycopersicon esculentum Mill cv. GS).

Data obtained showed that petiole N and P concentrations were
significantly increased with increasing salinity levels of the applied irrigation water,
while petiole K concentration exhibited an opposite trend. On the other hand,
micronutrients (i.e., Fe, Mn, Zn, and Cu) had no specific trend. As for the sffect of
irrigation system (IS}, results revealed that SS8D irigated plants had petiole
nutrient concentrations higher than those of SD irrigated ones at any WQ
ireatment. Distribution and concentrations of the studied nutrients in the soii were
significantly influenced by WQ, 1S, soil depth, and their interaction effects, with
the exception of N and Cu for the later effect.

Keywords: Drip irrigation, Water quality, Tomatoes, Sandy soil.

INTRODUCTION

Under arid and semi-arid climate, water scarcity, high salinity of
the available irrigation waters, and sandy soil conditions the drip irrigation
system is proved to be the most effective one amongst the irrgation
systems (Bucks et al. 1982). Drip irrigation (surface or subsurface
system) has grown dramatically during the last decades because it has
considerable potential to address some of the pressing concerns related
to water and nutrients conservation {Bar-Yosef et al., 1989). However,
surface and subsurface drip irrigation systems are intensive management
ones in which achieving the benefils require greater attention to details
(Hutmacher et al, 1892). Information about peticie nutrient status and
nutrients distribution in soil under surface drip {(SD) and subsurface drip
(SSD) irrigation systems are amaongst these details which will improve our
understanding of some factors affecting root growth and distribution in the
soil and elucidate some processes and conditions, which affect plant
development and yield. Thus, the objective of the current research was to
study the nutrieni status in both soil and tomato petioles at a certain
period under SD and S50 irrigation methods using irrigation groundwater
with different salinity levels (different qualities).
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MATERIALS AND METHODS

Two field experiments were carried out during the two early-
summer growing seasons of 2003 and 2004 on a sandy soil at El-Gebeel
area in southern Sinai. The soil was sandy in texture and had a pH value
of 8.30, low content of organic matter (0.26%) , and low concentrations of
macro and micronutrients. Forty m® of farmyard manure (FYM), 300 kg
calcium super phosphate, and 100 kg potassium sulphate per feddan
were applied before planting followed by 8 25-30 cm deep ploughing and
the beds were then constructed. lron, Mn and Zn fertilizers as EDTA
compounds were added as a foliar application at 0.25 mg/kg each in two
doses; i.e., 40 days after transplanting and two weeks after the first one,
Tomato seedhngs were transplanted on 15™ and 18" of February in 2003
and 2004, respectively. Treatments inciuded water resources (WQ) with 5
salinity levels (i.e., WQ1 = 0.88 dS/m as control, WQ2= 1.90, WQ3 = 3.98,
WQ4 = 6.20, and WQ5 = 10.00 dS/m) and two irrigation systems (IS); i.e.,
surface drip (SD) and subsurface drip (SSD) irrigation system. The
experiments were designed as split plot randomized complete block with
three replicates. The WQ treatments were the main plots and IS
treatments the subplots. Analyses of the used soil, FYM, and irrigation
waters are shown in Tables (1, 2 and 3). Details of soil, water, and FYM
analyses as well as, the added water and fertilizers were presented in a
companion paper {Rehan, 2005).

Table 1. Some chemical and physical characteristics of the
experimental soil.

di:ltlh :Hf EC? |Soluble cations®, mefl| Soluble anions, mem Om Pamde;:m dist,
0,

Cm oM T Mg [ Na | K_|C0:[HCO,] CI [50:] " [Sand[siit [Ciay

D0-20 [8.30[0.85(2.61(259(4.35{058] - | 2.39 |{4.87|2.85|0.26|9260|1.70|5.70

20-40 18.20)0.66 [2.79(2.12|1.48|0.52| - [ 2.19 [1.67[3.05/0.230{95.20]2.00|2.80

40-60 18401051 11.87{1.23{1.61(051| -— | 2.07 ]1.54)1.61]0.20]96.00{ 1.60 2.41]

t Determined in 1:2.5 soils : water suspension.
1 Determined in saturation paste extract according to Richards (1954).

Table 2. Chemical composition of the used farmyard manure (FYM)'. -

TR S TR Fe | Mn | 2n | cu [ oct

A jpm
041 013 Jos2 |700 [600 [250 [120 [302 |

{Total contents as oven dry basis.
1 OC = organic carbon.

Leaf petiole samples from the fourth mature leaf down from the
terminal (a standard position for tomatoes) were randomly setected at the
early morning (Phene et al., 1988) on April 1* and April 3 in the two
seasons, respectively (about 45 days after transplanting). The samples
were then prepared for NOs-N, P, K, Fe, Mn, Zn, and Cu analyses
according to Chapman and Pratt (1865), The soil was sampled at three
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depths; 0-20, 2040, and 40-60 cm from the soil surface and at a lateral
distance of 10 ¢m from the emitter. Soil samples were prepared for the
following analyses: mineral N was extracted with 1.0-M KCI {1:5}) and
determined using the steam-distillation method to include NO; and NH,
ions (Black, 1985), available P was extracted with 0.50 M NaHCO,
solution according to Qisen et al. (1854) and determined according to
Watanabe and Olsen (1965), available K was extracled with 1.0 M
ammaonium acetate soiution and determined by flame photometar
[Richards, 1954), available Fe, Mn, Zn, and Cu ware extracted with DTPA
solution (Lindsay and Norveli, 1878) and determined by atomic absorption
spectrophotometer {Perkin Elmer 3300).

Table 3. Water analyses of the studled groundwater wells and the
corresponding potential for expected problems.

Water quality }
arameter wal Wwa2 | wQs Wa4 WaQ5
H_ 750 ] 7 45 770 I8! RAZ |
EC dS/m 1 08’ | 1460 |
oluble ions, me/L
344 220 520 10 00 1620
Nda 200 17 80 28 75 62 OR
480 .90 15 a0 2603 4017
K 0925 020 _Nno3 042 073 |
[o R e e T e ean
HC O, 140 590 200 12 00 20 60
Cal R 1000 4980 42 00 a0 08
IS0 275 410 11 R/3 13178 399258
lgapT 314 204 4RO B AN RB3
Adi saR? 308 415 A07 238 7.A4
S 030 +0 45, +1 20 _+1.46 £112
‘Total micronutrient, ppm
Ee 00z 004 154 004 nony
a _nao3 003 __03 004 004
4 004 noz | 003 004 |
Cn 0 0R il goa [ 005 ond |
Baran. nom n25 4D 128 _Nnaz 118
Potential i’orJr;rol:»lems11 ‘TI_'J
inity oroblem L1 ST ST Qaa@‘ﬁ
nfiltration _Nanal Npne None Nope | None
an_toxicity Noge MNane Nong | _Nnone _ L S-MY
Cloanina. - —t +

+ +

1 SAR= sodium adsorption ratic and } = adjusted SAR, both calculated according to
Ayers and Westcot (1985). § SI = saturation index ; is an indicator for a tendency for
CaCQ, to precipitate from the water and can be used as an Indicator for clogging
problem. S| |s defined as the actual pH of water {pHa) minus the theoratical (pHc) that
the water could have if in equilibrium wlth CaCQ,; ; Sl=pHa-pHc {Ayers and Westcot,
1985). Water having positive values {+} should be consldered as potential problem
water for uge through drip systems and the need for preventative measures should be
considered in designing the drip system. Y| water quality is judged on the potential
severity of problems that can be expected to develop during long-term use and Is
divided Into three categerles; “*MNone” means no restriction on use, {S-M) means slight
to moderate range, and (Severe] means severe restriction category.
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Statistical analysis was carried out to determine LSD values at
0.05 probability levels for identifying the significance of main plot, subplots
and their interaction effects (Gomez and Gomez, 1984).

RESULTS AND DISCUSSION

Leaf petiole nutrient status

Data in Table (4) reveaied that concentrations of NO;-N, P, K, Fe,
Mn, Zn, and Cu in tomato leaf peticles were significantly influenced by
WQ, IS, and their interaction effects. In general, increasing salinity levels
of irrigation water resulted in an increase in petiole NOs-N concentration of
plants irrigated through either SD or SSD irrigation systems compared to
the control (WQ1-SD or WQ1-SSD). However, these increases were not
related with the increases in irrigation water salinity, i.e., under SD
irrigation system, petiole NO;-N concentration increased to a maximum
value of 3.62% with increasing water salinity to 1.90 dS/m (WQ2) then
decreased gradually with increasing irrigation water salinity (Table 5). A
similar trend was observed under SSD irrigation system except that the
maximum value was attained with irrigation water salinity of 3.98 dS/m
(WQ3). At WQ1 Or WQ2, the peticle NOs-N concentrations were lower in
S8D than in SO irrigated plants, increasing the salinity of the irrigation
water above 1.90 dS/m (WQ2) resulted in an opposite trend. Bar-Yosef ef
al. (1991a and 1991b} found, using non-saline irrigation water in their
studies, that petiole NO,;-N concentrations were lower in SSD than in SD
irrigated plants. This contradiction comes from the adverse effect of salts
in the applied irrigation water (Kafkafi, 1984). it is noteworthy that peticle
NOs;-N concentrations in all treatments and in both the studied seasons
were above the deficient leve!l of 0.80 % in this crop development stage.
Petiole P concentration followed almost a similar trend as that of petiole
NO.-N concentration.

Table 4. Analysis of variance for the effects of water quality (WQ) and
irrigation system (IS) on some nutrient concentrations in
tomato leaf petioles in 2003 and 2004,

Source of variance N P | K [ Fe | Mn [ Zn [ Cu |
2003
Replication NS NS NS * NS NS NS
Water Qua[' WQ A t: e ke -k ko L i
|rl’ig,§!$‘.. lS - NS [T i ek -k ~
WQ x !S ET ] L3 ek L2 L2 ET sl »
CV % 422 | 4.47 2.29 3.88 3.70 | 693 13.79
2004
Replication NS NS NS NS NS NS NS
Water Qual" WQ L3 ] ,ak (217 ik ik LR w
Irri '§Y3t-- IS ek ey T aka ey o -
WQ x IS Ei L] ke L2 ] NS 22 LE L] Ak
CV % 894 | 450 ) 10.32 3.71 5.30 5.36 6.62
*,***=* Significant at the 0.05, 0.01, and 0.001 probability levels, respectively; NS, not
significant.
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Contradictory to petiole NO3-N and P concentrations, petiole K
concentration decreased with increasing irrigation water salinity either
under SD or SSD irrigation  systems. This decrease in petiole K
concentration could have stemmed from the reduced root volume under
drip irrigation with saline waters (Kafkafi, 1984; Rehan, 2005) in addition
ta the Na'-induced K* phenomenon as reported by Bower and Wadleigh's
(1948), who found that when K" was supplied in a sand resin mixture at a
constant rate, accumulation of this cation by the root plant was greatly
depressed as the proportion of exchangeable Na' was increased .
Meanwhile, Hecht-Bucholtz et al. (1974) suggested that the Ca"" present
in sufficient concentration is needed to prevent the Na'-induced K" effiux
in salt-sensitive plants. This means that Ca’* can alleviate the adverse
effect of the Na'-induced K’ phenomenon that may interpret the
inconsistency of decreased petiole K with increasing salinity of the used
irrigation waters that were greatly different in their K', Na* and Ca"*
concentrations {Table 3). Petiole K concentration in all treatments were far
below the reported range for the optimum yield of SD or SS8D irrigated
tomatoes under non-saline condition; i.e., 38.3 - 48.0 my/g {Bar-Yosef ot
al., 1991b) and also far below the deficient level of 30.0 mgfg for tamatoes
at the same growth stage (Walsh and Beaton, 1973),

Table 5. Effect of water quality (WQ) and irrlgation system (SD or
S8D) on NOs-N, P, K, Fe, Mn, Zn, and Cu concentrations in
tomato leaf petloles in 2003 and 2004.

wa N P K Fe Mn Zn Cu
Treatmemt | SD [SSD] SD |SSD| SD [SSD| 8D [5SD| SD [SSD| SD |SSD| SD [$SD
I % T e —

2003
WQ1 [3.60]3.23]0.240]0.235[1.060]1.082]67.30[66.66]55.63]43.00[12.00[14.67] 4.83 | 2.00
[ waQ2 13.62(3.26]0.272/0.253[1.043{1.04078.33]73.33]57.00]66.00}17.00]21.67] 6.67 | 7.00 |
[WQ3 [3.35[3.91(0.263]0.269]0.813]0.950(65.00[55.33(48.0032.67{10.33[21.00{ 4.00 [ 5.00
WQ4 |2.99)3.03]0.245/0.260(0.806]0.801[80.23[70.67(72.67(66.00({22.40{24.00 6.30 [ 5.00
WQ5 |2.96[3.00[0.210]0.200[0.533]0.500]56.00[42.67]45.67]35.33]12.00]18.00[ 5.20 | 3.00
LSD {0.05)

LSO 0.25 0.045 0.051 451 3.52 2.19 123
LSo' | 023 0.043 0.056 5.03 473 1.79 1.30 |
2004

WQ1 2.33]2.30[0.220(0.217(1.070(0.930{209.3[195.0(20.70]23.30{10.00|120.00,25.70 ﬁ
WG2 2.35)2 30)0.243]0.24010.710]0.830/197.0/164.3]45.30|46.00( 4.70 | 8.30 [32.70|28.00
WQ3 |2.03(2 74(0.227]0.250(0.650]0.680/149.0/121.0115.00)21.70] 5.40 | 4.70 |[21.50/25.70
| WQ4 [1.98(2.00]0.222(0.223|0.570{0.560(186.3|1163.7(17.00{30.3012.70/34.00{14.70 27.00
waQ5 [1.89]1.90[0.190{0.200(0 500(0.510(117.3| 96.0 (13.70{12.00 2.?0]:2.—80 24.70(13.30
LSO {0.83) ]
LS0’ 6.28 0045 0.191 NS [ 2.26 1.03 296 |
Lsp 0.35 0043 0.209 NS 200 | 118 | 285
LSDY for comparisan between two L3 means at the same level of WQ treatment, LSD
for comparison between two WQ means at the same or different level of 1S
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Micronutrient concentrations in tomato leaf petioles (i.e., Fe, Mn,
Zn, and Cu) showed no specific trend in response to WQ or IS treatments
in spite of the significance of WQ and IS as main effects and their
interactions (WQ' X IS). This behavior may attributed to the fact that most
of the applied micronutrients were added as a foliar application and the
rest were derived from the applied FYM. Comparing the petiole
micronutrient concentrations with those found in "normal” tomato plants at
the same growth stage (i.e., 100-300 mg/kg for Fe, 60-100 mg/kg for Mn,
15-30 mg/kg for Zn, and 4-8 mglkg for Cu) we can see from Table (5) that
petiole Fe concentrations in the first season were less than normal range,
while in the second season were within the normal range. Manganese and
Zn concentrations showed an opposite trend to that of Fe concentration
while petiole Cu concentrations in both seasons were within the normal
range.

Available nutrient contents in soll

An analysis of variance for treatment effects on soil nutrient
contents in the upper 60-cm layer of the sail revealed that, except for N
and Cu concentrations, nutrients concentrations were significantly
influenced by WQ, IS and SL (soil layer) treatment main effects and their
interaction effects (WQ X IS X SL interaction) as shown in Table ( 6).

Table 6. Analysis of variance for the effects of water quality (WQ) ,
irrigation system (IS), and soil layer (SL) on some nutrients
concentrations in the soil in 2003 and 2004.

Sourceofvariance] N | P | K | Fe [ Mn | 2n | Cu
2003
Water QuaL' WQ aen nk ae ann ha whn an
l_l;lig. Syst.. ls > ok NS i . el NS
WQ x lS " i e ol Ll ok NS
Soil Igyer. SL ank Y axh TS A “un T
WQ X SL NS - e ey - La _kw
ls X SL o e A ik ik Ak NS
WQ X IS X SL NS i o g i 1 NS
ICV % 12.37 9.38 9.83 8.84 8.91 9.7 22.27
2004
Wa‘er QUEL, WwWQ - TS ann ww " nhw TS
Irrig. Syst., 1S P R T T R R B S R
WQ X ‘S * ki NS ik wak - e
SO“ layer- SL en 2.3 e Lt s g L] Whn il
WQ x SL ke E2 3 Wi i ke whk i
lS x SL e e Ll ek i ke
WQ X ‘S X SL NS e o * ik ahw NS
CV % | 13370 1087 961 10.84] 1312 14.99 12.04

*,** *** Significant at the 0.05, 0.01, and 0.001 probability levels, respectively; NS, not
significant.

Saoil N levels were low through the upper 60-cm soil layer before the
initiation of the experiment; i.e., the background N levels ranged from 1.3
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to 5.1 mg Nkg' soil (Table 7). This was expected since the studied sail
was sandy in texture and consequently paor in plant nutrients. At any WQ
treatment |, the N concentration (NOs-N + NH.-N forms) under SD
irrigation system was higher in the first layer {0-20-cm soil tayer), i.e., near
the emitter, than in the followed layers and then tended to decrease
gradually with depth. For example, at WQ1 level and under SD systemn,
the soil N concentration decreased from 37.8 mg Nkg™ soil in the 0-20-cm
soil layer (near the emitter) to 27.8 mg Nkg™' soil in the second soil layer
and decreased further to 23.0 mg Nkg™' soil in the third one (40-80-cm).
increasing salinity of the irrigation water resulted in an increase in the
corresponding above-mentioned three soil N concentraticns at any of WQ
treatment (i.e.. WQ2, WQ3, WQ4, or WQS5 level),

Table 7.80il N {NO;-N + NH4-N) and available P and K concentrations
(mg kg' soil) as affected by water quality (WQ) and
irrigation system (IS) and soil layer (SL} in 2003.

Treatment N P l K

Water
quality |Soil fayer[ InitT| SO | SSD jInit. | SD | SSD | Init' ] SO | 8sD

Cm

W 0-20 [1.30] 373 [ 240 [ 60 [ 2927 [10.19 ] 180 | 1403 | 1387

wQ1 | 20-40[140] 278 | 326 [ 60 | 6.30 | 14.97 | 280 | 99.9 | 172.0

wai 40-60 | 160 [ 23.0 | 227 | 40 | 360 §.00 45.0 L48.2 102.5

WaQ2 0-20 |450] 459 | 263 [12.0] 28.58 | 1454 | 350 | 241.0 | 1267

waz2 20-40 [ 510} 253 | 384 [100] 1430 | 2260 | 73.0 | 1927 1941‘
0

waQ2 40 - 60 h3.3'[3 23.5 | 238 |10.0| 9.97 | 11.97 | 100.0 | 194.0 | 173,

wQ3i 0-20 {280] 480 | 365 [150] 54.10 | 14.57 [ 350 [ 155.0 [ 97.2
WwQ3 20-40 {240 30.2 | 400 |10.0] 19.27 | 22.27 | 480 | 1417 | 1347
WwQ3 40-60 {270 ) 254 | 31.8 |100/] 11.60 ) 1997 | 800 | 1247 | 1241

WQ4 0-20 [390] 50.0 | 384 |[150 238.47 | 15983 | 380 17?.0£128.5‘
WQ4 20~-40 | 390 | 303 | 432 (110} 1260 | 2857 | 63.0 | 158.3 | 2347

WQ4 40-60 | 260 | 23.0 | 347 | 100 1327 | 1293 | 80.0 925 | 1863

]
E‘IQ5 0-20 [320| 533 | 456 [15.0 | 41.27 { 2897 | 1550 | 2427 | 2043

WQs 20~40 [ 3.10 ] 320 | 47.76 { 14.0{ 2053 | 3453 | 950 § 2375 252,u

WQ5 | 40-60 |1.91] 27.2 | 382 [10.5] 16.97 | 13.93 | 1080 | 222.0 | 2263
LSO (0.05)

LSOt — NS - 107 — 26.4
[LSD} — NS | — 3.50 — 27.4 |
|LSD§ - NS 2.64 — 22.9

fl = Background concentration in the soil at the fnlt. of the exp., t = LSO for
comparison between two SL means at the same combinatlon of WQ and 15,
1 = LSD for comparison between two IS means at the same comblnatlon of
WQ and SL, and § = LSD for comparison between two W& means at the
same comblnatlon of 1S and SL.
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Under SSD irrigation system, the pattern of soil N concentration
distribution in the soil profile (0-60 cm depth) at all the WQ treatments
exhibited different show than that under SD system (Tables 7and 8) : i.e.,
soil N concentration was maximal in the 20-40-cm soil layer, where the
emitters were placed in SSD system. Bar-Yosef et al. {(1991b) and Phene
et al. (1988) found also, but under non-saline irrigation water conditions,
that the soil N concentration was maximal near the emitter and they
attributed the relatively high N concentration in the top layer under SSD
system, which was also noticed in the current study (Tables 7 and 8), to
the decomposition of the organic materials (plant residues). Soil available
P and K concentrations followed almost the same trend as that of N
concentration with different magnitudes.

Table 8.S0il N {NO,-N + NH,-N) and available P and K concentrations
(mg kg™ soil) as affected by water quality (WQ) and
irrigation system (IS) and soil layer (SL) in 2004.

Treatment N P K
u?ﬁgy Eﬂr it { sp | ssp {nit?| sp | ssp |mit?| sp | sspD
cm

WQ1 0-20 | 130 | 600 [ 481 | 60 {1497 [ 7.73 | 18.0 [260.0] 1728
WQ1 20-40] 140 | 357 | 541 | 6.0 | 9.00 | 9.96 | 28.0 [ 1355]178.0
WQ1 40-60{ 160 [ 2322 | 5771 40 | 693 | 500 | 450 | 7890 [152.7]
WQ2 0-20 | 450 | 66.4 | 48.1 | 120 | 22.47 | 19.07 | 35.0 [242.7] 161.7
WQ2 20-401 510 | 39.0 | 50.7 | 10.0 | 19.97 | 30.97 | 73.0 [ 216.7 | 294.7
Q2 40-601 330 | 340 [ 378 | 100 | 500 { 6.00 |100.0]180.0( 166.5
WQ3 0-20 | 280 ] 517 | 320 | 150 | 3500 | 16,70 | 35.0 [ 167.0] 156.5
a3 20-40] 240 | 34.3 | 435 | 10.0 | 12.60 | 22.50 | 48.0 | 148.1 | 173.9
WQ3 40-60] 270 | 20.4 [ 277 | 100 [ 11.00 | 18.85 | 80.0 | 153.0] 154.0
WQ4 0-20 | 3.90 | 63.3 | 48.0 | 150 | 45.04 | 20.00 | 38.0 | 156.6 | 146.0
MWQ4 20-40| 390 | 354 | 59.7 | 11.0 | 23.00 | 38.01 | 63.0 | 134.0] 145.0
WQ4 40~60| 260 | 249 | 36.9 | 100 | 17.52 | 15.01 | 80.0 | 122.5 | 140.0
Q5 0-20 | 320 | 59.0 | 33.0 | 15.0 | 74.98 | 32.51 | 155.0 ] 437.0 | 269.6
\WQ5 20-40] 3.10 | 316 | 488 | 14.0 | 35.00 | 40.96 | 95.0 | 355.4 | 369.6
WQ5 20-60] 191 | 27.4 | 27.9 | 10.5 | 24.72 | 28.63 | 108.0 | 269.3 | 341.9
LSD ( 0.05)

LSDt NS 4.00 32.2
LSDt NS 3.77 32.5
LSD§ NS s 3.06 = 26.4

1 = Background concentration in the soil at the Init. of the exp., + = LSD for
comparison between two SL means at the same combination of WQ and 1S, t=
LSD for comparison between two 1S means at the same combination of WQ and
SL, and § = LSD for comparison between two WQ means at the same
combination of IS and SL.
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However, the background levels of these two nutrients at the initiation of
the experiment were quite high and differed greatly with depth and from
site to site (Table7). 1t is noteworthy that all the three macronutrient
concentrations; i.e., N, P, and K, at the time the soils were sampled (45
days after transplanting), were in the sufficient ranges. The increases in
these nutrient concentrations in the soil with increasing salinity of the
irrigation water may be due o the reduced root system (Rehan, 2005),
which may reduce their absorption rate.

Micronutrient concentrations (;i.e., Fe, Mn, and 7Zn) in the soil
profile, in general , decreased with soil depth (Tables 9 and 10). of the
high-salinity applied irrigation waters (Bucks et af., 1982).

Table 9. Soil available Fe, Mn, and Zn concentrations {mg kg~ soll)
as affected by water quality (WQ) and irrigation system {IS)
and soil layer (SL} in 2003.

Treatment Fe M Zn ]
Water s tayer |niﬂ so}ssn Init. | SD |SSD|init. | SD |SSD
quality |
cm B
Qi1 0-20 .11 [1.78 .41 [1.98 [0.90 R.04 2.66 2.10 2.91
WQ1 20-40 [1.62 [1.13 0.44 [1.00 10.47 10.65 10.18 0.58 [1.18
waQ1 40 -60 2.93 10.89 10.64 [1.83 [0.64 [1.49 0.89 [0.21 [1.06
_r___.J
WQ2 0-20 [3.29 [1.49 |1.56 [3.78 10.61 [1.08 1.16 [0.58 [1.88
WQ2 20-40 .11 [1.31 [1.42 [1.53 0.56 |0.97 |1.79 {0.26 [0.54 |
Q2 4060 [1.47 [1.52 [1.03 [1.76 [0.61 [1.06 [1.66 [0.25 [0.22
L]
Q3 0-20 R.07 10.77 [0.74 [1.30 |0.73 [0.79 2.77 [0.66 [3.05
WQ3 20 - 40 [1.84 [0.88 [0.75 10.89 0.55 0.82 [0.48 10.15 [0.24
wQ3 4060 [1.86 [0.72 0.70 [1.01 10,96 0.97 0.28 [0.14 10.3¢
| A
WQ4 0-20 .36 1.78 [1.29 [1.77 [1.53 2.17 [2.34 [0.66 [1.76
WQ4 20 ~ 40 [1.37 0.69 [1.10 0.87 [0.67 10.84 10.35 0.18 0.30 |
WQ4 40 ~60 10.77 [0.60 10.51 |1.26 10.48 [0.82 10.68 [0.98 [0.27
Q5 0-20 .22 10.81 10.42 [1.65 [1.18 10.70 10.12 [0.82 [3.78
WQ5 20~ 40 0.67 0.54 0.17 [0.69 0.96 10.75 0.12 [0.55 [0.35
WQ5 [ 40-80 [1.38 0.72 10.17 £ 32 |1.24 J0.76 j0.88 0.34 [0.19
LSD{0.05) |
LSDt ] 015 ] 0.14 0.12
LSDt [ 0.15 0.14 013 |
ILSD§ | ] 013 | [ 012 0.10 |
f = Background concentration in the soil at the Inlt. of the exp., t = L5D for

comparisan hetween two SL means at the same combination of WG and 15, 1=
LSD for comparlson between two IS means at the same comblnation of WQ and
5L, and § = LSD for comparlson between two WQ means at the same
comblination of IS and SL.
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Table 10. Soil available Fe, Mn, and Zn concentrations (mg kg™ soil)
as affected by water quality (WQ) , irrigation system (IS) and
soil layer (SL) in 2004.

. [ Treatment " Fe Mn Zn

WwQ Soil layer| Init. | SD |SSD | Init. { 8D | SSD | Init. | SD |SSD

WQA1 0~20 [2.11(3.040|2.894] 1.98 {2.880]1.286] 2.66 {2.430}2.894

Q1 20-40 (1.62 2.380)0.866 |1.00 [1.190 j0.361 [0.18 10.650 10.860

WaQl 40-60 [2.03 [2.229[1.571[1.83 [1.690 |1.590 10.89 [1.110[1.570
%QE 0-20 [3.20 2.007[1.6713.78 [3.016 [2.159 [1.16 P.077 1.671
WQ2 20-40 P11 2.402(0.767 [1.563_0.971 [1.270 [1.79 [1.1810.770
WQ2 40- B0 |1.47 |1.027 [1.263[1.76_[2.860 [1.599 [1.66 [1.230 1.270
Q3 0-20 P.07 12.040[1.780[1.30 [3.088 [1.310 [2.77 [2.820[1.780
Q3 20— 40 [1.84 1.840[1.38910.89 [1.298 [1.819 [0.48 10.280 [1.339
Q3 40-60 |1.86 |1.78010.910/1.01 [2.280 [1.580 10.28 [1.042 0.910
Q4 0-20 [2.36 12.65010.8201.77 [1.590 [1.849 [2.34 [1.830 0.820
WQa 20-40 [1.37 P.65010.9000.87 [1.150 11.499 10.35 10.330 0.800
WQ4 40-60 0.77 [2.34910.8001.26 [1.750 [2.750 10.68 [1.339 0,900
\WQ5 0-20 1.2 P.089[1.030/1.65 [2.130 [1.570 j0.12_[1.910 [1.030
Q5 20-40 067 11.885[1.09910.69 [1.699 [2.595 |0.12 0.595 1.099
Q5 40— 60 [1.38 [1.67000.931 2.32 11.710 [2.400 10.99 10.6190.931
LSD (0.05
LSDT 0.304 0.397 0.313
LSD% 0.306 0.403 0.322
LSD§ 0.247 0.304 0.266

§ = Background concentration in the soil at the init. of the exp., t = LSD for
comparison between two SL means at the same combination of WQ and 1S, §
= LSD for comparison between two 1S means at the same comblination of WQ
and SL, and § = LSO for comparison between two WQ means at the same
combination of IS and SL.

However, no consistent trends regarding the difference between SD
and SSD irrigation system or as affected by WQ treatment levels were
recognized. These results were expected since these nutrients were
foliarlly applied rather than through the irrigation system (fertigation) for
fear of the expected interactions between these elements and the
constituents

Regarding the available Cu concentration and distribution in the soil,
data in Table (6) show that WQ X IS X SL and IS X SL interaction effects
were insignificant. So, data were averaged across IS treatments and
presented in Table (11). At any WQ treatment level, the soil available Cu
concentration was higher in the upper sail layer (0-20 cm) and decreased
with the depth. Like Fe, Mn, and Zn concentrations, no consistent trend in
response to irrigation water salinity was observed.
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Table 11. Available Cu concentration in the soil as affected by water
quality (WQ) and soll layer (SL), averaged across irrigation
systems in 2003 and 2004,

2003 2004
Soil layer Water quality treatment Water quality treatment
Wat | w2 | WQ3 | Wa4 | WQs wai Q2 Q3 Q4 | wQs

00-20 ;0370123910272 ]0.158 ] 0.053 [ 0.414 [ 0378 [ 0.435 | 0.401 | 0.330

20~40 10.042 10147 1 0.048 } 0.033 ] 0.060 [ 0.176 | 0.174 [ 0.350 | 0.190 | 0.192

40-60 (0004 )0.055(0138 [ 0.10 | 0.037 | 0.020 ] 0.234 | 0.230 | 0.205 | 0.190

£SD{0.05)
LSDY 0.037 0.037 ]
LSOt 0.046 0.039

T LSD for comparison between two SL means at the same leve! of WQ.,
1 LSD for comparison betwe2n two WQ means at the same or different soil layer.
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