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ABSTRACT

Peach (Prunus persica, Batsch) and apricot (P. armeniaca L.) seedlings
were observed under 0, 1000 and 2000 ppm saline irrigation water containing mixed
salts of- NaCl, CaClz, Mg50, and NaHCO,. Also, the effect of humic acid treatments
as soil, foliar and soil + foliar applications on the growth. parameters {shoot fength,
number of leaves, leaf area and leaf chiorophyll content), nutritional status
(percentage of leaf dry matter and NPX content), root system growth (root length,

number of roots, dry matter of main and secondary. roots), toxic ions (chloride and
sodium leaf content), and amino acid proline were also studied. Salinity treatments
directly decreased growth parameters, nutritional status and root system growth,
while it increased toxic ions and profine amino acid content. Florda Prince peéach
budded on ‘Nemaguard’ peach rootstock was markedly more salt tolerant
than ‘Canino’ apricot budded- on Balady apricot rootstock. Moreover, hurnic acid
application especially as soil treatment with 20 mi Actosol {2.9 % humic acid) in I L of
waler every other week from late June till Oct. 15" minimized the harmful.effect of
salinity and enhanced salt tolerance. |

INTRODUCT!ON

Faust (1989) and Grattan & Grieve (1 998) indicated that salinity may
affect plant growth in three ways: 1) The osmotic pressure of the soil solution
may becomes high enough to limit the availability of water to plant; 2) The
high concentration of salts may also facilitate the uptake of one or more ions
and their accumulation to the derangement of the normal metabolism; and 3)
Occurrence of complex interactions that affect plant metabolism,
susceptibility to injury, or intemal nutrient requirement. Moreover, Hoffman et
al. (1989) suggested that chloride was the dominant ion causing plum foliar
damage. Accordingly, leaf chioride content of apricot, nectarine and peach
was reported as a good indicator of salinity level (Boland ef al., 1993, and
1897 and Volsckenk & Villiers, 2000). Also, ‘Nemagaurd’ and ‘Lovell’ peach
rootstocks minimized Na’ release to the vegetative parts but failed to control
CI mobility (Fathi & Catlin, 1994). Humic acid {polymeric polyhydroxy acid) is
the most significant component of organic substances in aquatic system
{Mecan & Petrovic, 1995). It has a branched open network in fresh water, but
it forms a compact and close network with increasing salinity (Baalousha ef
al., 2006).Moreover, it has been demonsirated to have a good influence on
plant growth and development (Bohme & Lua, 1997; Hariwigsen & Evans

2000 and Liu & Cooper, 2002).

Therefore, this study was conducted to investigate the response of
apricot and peach seedlings to irrigation with saline water. The possibility of
using humic acid as a soil conditioner to reduce the harmful effects of salinity -
was also included. _ '
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MATERIALS AND METHODS

One-year-old seediings of ‘Canino’ apricot’Balady’ and ‘Florda
prince’ peach/Nemaguard’ were used in this study during 2004 and 2005
seasons in the orchard of the Horticuiture Research Institute, Agricultural
Research Center, Giza.

A split-split plot system in a randomized complete block design was
used with three replicates. Each replicate consisted of 3 pots, each
containing one seediing. Pots were 35 x 50 cm and were filled with a mixture
of 15 kg sand + 100 g peatmoss. The pots were planted during January in the
two seasons. The two crops were allocated to the main plots. Watering was
done using tap water until the end of June in each season. Thereafter, salinity
treatments were applied until Oct 15", Three salinity treatments were applied
twice a week as sub-plots, viz., 0, 1000, and 2000 ppm of a mixture of equal
parts by weight of sodium chloride, calcium chloride, magnesium sulfate and
sodium, bicarbonate salts. Sub-sub treatments were applied every other week
during the same period, i.¢., from July 1* to Oct. 15" using humic acid (in the
form of Actosol) as follows: (a) soil application at the rate of 20 ml Actosol in 1
L water, (b) foliar application with 0.5 % Actosol solution + soil application as
abcve, (c) foliar appiication as above and (d) control {only water application).
Actosol is a commercial product that contains 2.9 % humic acid and 10-10-10
NPK. It is manufactured by Arctick Inc., Chentilly, VA, USA.

Foliage measurements included the foillowing characters: (a) relative
shoot length expressed as percentage of shoot length and relative number of
leaves as percentage of number of leaves compared to control which were
recorded in August, September and October of both tested seasons and (b}
ieaf area and leaf chlorophyi! content as measured on Aug. 20™ in 20 fully-
expanded leaves per seedling. These leaves were sampled from the middle
of shoots. Leaf area was recorded using a Ci203Area Meter (CID, Inc., USA),
while a SPAD 502 chlorophyll meter {Minolta Corporation, Ramsey, N.J.,
USA) was used in regording chlorophyll readings.

Subsequently, in December of both seasons, measurements were
made on the percentage of dry matter in vegetative growth, i.e., remaining
leaves and stems alongwith main and secondary roots.

Chemical analysis was made on leaf samples to determine mineral
elements content. Samples were taken from an intermediate position on
scion shoots in August. Leaves were first washed several times with tap
water; followed by distilled water and 0.1 N HCI, dried at 70 °C, to a constant
weight and finely ground. Samples, 0.5 g each, were digested using H,SO,-
H,O, as described by Cottenie (1980). Then, extracis were prepared for
chemical analysis as described by Jackson (1973). Nitrogen was determined
according to the modified Kjeldahl method as described by A.O.A.C. (1975).
Phosphorus content was clorimetrically estimated according to Troug and
Meyer {1939). Wet,digestion was used for the determination of potassium as
described by Piper (1950) using a flame photometer according to Brown and
Lilteland {1946). Sodium was determined by using flame photometer (Brown
and Lilleland, 1946). Chicride content was assessed. according to the

3606



J. Agric. Sci. Mansoura Univ., 32 (5), May, 2007

methods of Higinbothan et al. (1967). Proline content was then
colorimetrically estimated at 520 nm according to Bates et al. {1973).

The obtained data were statistically analysed according to Snedecor
and Cochran (1990). Mean separation was calculated using L.S.D values at
the 5 % level.

RESULTS

Growth parameters

Growth parameters of peach and apricot seedlings included shoot
iength (Fig.1), number of leaves (Fig.2), leaf area, and leaf chlorophyll
content (Table 1). Humic acid treatment (especially soil application)
effectively decreased the deleterious effect due to salt accumulation in plant
tissues, as it supported peach and apricot plants to produce longer shoots, .
maintain higher number of functioning leaves, with better expansion and
higher chlorophyll content.
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Fig. (1}: Relative shoot length (expressed as percentage of length in the
control), as affected by humic acid treatments {O soil, A foliar
and e foil + foliar) and salinity treatments (x 1000 and o
2000 ppm) for peach (=) and apricot ( =------) ,

3607



Eissa, Fawzia M. ot al.

260

240 —@\ ©

Relative number of leaves(%)

Aug Sep Oct Aug Sep Oct
2004 2005

Fig. {2): Relative number of leaves {expressed as percentage of number
in the control), as affected by humic acid treatments (O soil, A
foliar and e soil + foliar) and salinity treatments  {x 1000 and
o 2000 ppm) for peach and ( ) apricot (----—-).

Meanwhile, apricot plants were more sensitive to salinity treatments
as they recorded shorter shoots (70 4 %), fewer number of leaves/seedlings
(53.5 %), lower leaf area (22.3 cm?) and lower leaf chlorophyil content (34.5
SPAD reading). On the contrary, peach seediing showed higher degree of
salt tolerance since they exhibited better growth parameters (80. 7 % -shoot
length, 75.7 % number of leaves relative to the control, 38.3 cm?® leaf area
and 37.7 SPAD reading).

Generally, salinity treatments significantly decreased the growth rate
(as shoot length) of peach to 59.9 % in 2004 and to 78.6 % in 2005 season,
as well as of apricot to 70.4 % in 2004 and to 77.9 % in 2005 season,
respectively, comparing o0 control {100.0 %). The number of leaves, also
decreased as salinity dose increased from 0 to 1000 and then to 2000 pprn
Leaf area significantly decreased from 25.2 to 24.4 and then to 22.3 cm? in
2004 and from 38.6 to 34.4 and then to 30.7 cm? in 2005 season. Leaf
chlorophyll content (SPAD reading) decreased from 39.5 to 36.5 and then to
32.4 in 2004 season, as well as from 39.6 to 34.7 and then to 33.5 in 2005
season, as salinity of irrigation water increased.

2. Nutritional status:

We assessed the percentage of leaf content of dry matter {Table 1)
and NPK elements (Table 2) as indicators of nutritional status.

3608



609¢

Table (1): Effact of humic acid (A) and salinity of irrigation water (C) on leaf area, percentage of dry matter and leaf
chlorophyil content of peach and apricot seedlings (B).

Leaf area (cm’) % Dry matter Chlorophyll {SPAD reading)
2004 seagon | 2005 season 2004 season 2005 season 2004 season | 2005 season
A <) Peach lAve Peachunricot] A¥® [p h Ave 1o chlapn Ave Peachla Ave [ ch Ave
each [Apricot (AXC) eachjApricof (AxC) ‘each|Apricot (AxC each|Apricot (AXC) 'sach|Apricot] {AXC) each|Apricot (AXC)
0 232 (191 [ 212 [ 245 1203 1224 | 553 [ 430 | 496 [ 443 (494 [ 469 [ 40.3 [ 355 | 379 | 346 | 353 | 350
Control (1000 208 | 174 100 2101208 1209 (4323701401 | 415|478 447 [ 422 (342 ]| 382|297 | 270 | 284

2000 183 | 156 [ 4701221 | 178 [ 200 | 406 | 38.6 | 396 | 318 {301 | 31.0 [ 304 | 287 | 206 | 20.3 | 26.1 | 27.7

Ava (A) Ave (A) Ave (A) Ave (A) Ave (A) Ave (A)
ve. (AxB) | 207 | 17.4 (AR 225 | 107 [P0 )] 46.4 | 30 NV 20.2 | 424 (M) 378 | 328 312 | 205 "¢

0 332 | 212 [ 2721500 | 453 | 47.7 | 611 | 573 [59.2] 661 | 50.3 | 53.2 475 (423 | 440 | 464 | 395 | 43.0
[Solt OO0 3.7 [ 153 [ 235|506 )|41.2 (459 607 | 528 | 568 | 556 | 49.1 | 524 | 42,1 | 37.1 } 39.6 | 394 | 361 | 37.8
j20c0 250 | 18.8 | 224 | 47.5 | 37.5 | 425 | 55.6 | 52.9 | 54.3 | 43.0 | 425 | 42.8 | 38.0 | 33.5 | 35.2 | 37.6 | 34.9 | 36.3

Ave. (AxB) | 303 | 18.4 (MR 494 | 41.3 M2 W 50.1 | 54.3 RS 516 | 47.3 [Na W] 422 | 37,6 (AR B 411 | 368 (P WY

4

b 255 | 256 | 256 | 417 | 326 | 37.2 | 455 [ 49.8 | 47.7 | 400 [ 44.0 | 42.0 | 38.3 [ 376 | 385 | 40.7 | 36.3 | 385
Foliar [1000 245 1382 [ M4 1396|264 13301411476 (444 ]398 [421|41.0]346 ! 354 | 350 | 366 | 34.9 | 358
2600 2368 [ 288|262 1203 | 27.2 | 23.8 | 402 | 486 | 444 [ 388 | 38.9 | 389 | 31.9 | 32.2 | 321 | 33.3 | 31.3 | 323

Ave. (AxB) | 245 | 300 (MW 330 | 287 |2 WV 423 | 487 (M2 205 | 417 [ME WY 383 [ as1 (AR 369 | 342 (Ae (Y
] 27.8 | 256 | 26.7 | 50.6 | 43.6 | 47.1 | 454 | 48.0 | 46.7 | 465 | 40.7 | 48.1 | 37.8 | 356 | 36.7 | 44.7 | 393 | 42.0

F::::r' 000 281 12132371440 1312[376|482 1455 | 469 | 464 | 445 | 455 | 352 | 30.8 | 33.6 { 36.3 | 37.6 | 37.0
2000 263 1212 12381477 1253 | 365 {470 1439459 | 431|413 1422|342 ! 31.2 | 327 | 364 | 38.8 [ 376

Ave (A) Ava (A) Ave (A) Ave (A) Ava (A) Ave (A)
ve. (A x B) 26.7 | 227 "0 87| 474 | 334 [T 001 47.2 [ 458 |70 LV 453 1 452 TR0V 35.7 | 325 (TR YY) 3941 | 386 M0
Ava (C} 4 (Ave (C) Ave (C) Ava (C) 44 Ave (C) Ave (C)
Ave. o 274 | 229 (5057 417 354 Se | 518 [ 49.8 P05 467 | 484 TS0 442 [ 37.8 MR L) 416 | 376 (T 2E
(B x ¢)[1000 257 1231|244 [ 3882003441483 | 457 | 470 458 [450[ 459|385 [ 344 {1 365 [ 355 [ 33.9 | 34.7
2000 235 [.211 1223|344 (269 [ 307 {461 [ 460 [ 461 1392362 | 387 [ 334 [ 3141324 [ 342|328 7 335
Ave. (B) 255 | 22.4 1383 308 487 | 412 439 | 442 3771345 371 [ 348
i LSD at 5% for:
umic acid (A) 1231 3.19 .3.149 4.493 3.37 2.96
;,"’" and apricof 2,00 277 2.728 3.891 2.92 2.56
Sallnity (C) . 2.00 277 2.728 3.891 2.92 2.56
AxB 3.27 4.52 4.454 6.354 4.77 4.19
AxC 4.00 5.53 5.455 7.782 5.84 5.13
BxC 1 1. 283 3.91 3.857 5.503 4.13 3.63
AxBxC 7 5.66 7.82 7.715 11.010 8.26 7.25

2002 Aep *(5) z& “Mup) rinosuey ‘135 ‘ouby T
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Table (2) Effect of humic acld (A) and salinlty of irrigatlon watci (c) on percentage of Ieaf content of nitrogen (N),

phosphorus (P) and potassium {K) of peach and apricui seedlmg_s (B)
P

% % K il

( Af‘ ’ C) 2004 season 2005 season . 2004 spason 2005 season 2004 season 2005 season
. » ﬁP,each Apricot ‘::8) Peach, Apricot]— {::g) Peach'Aprlcot i::g)' Poaoh Aprlcot . Avg). peach Agrk':zol {:: ,fqach)&pn °;I (::g
B {1371 140 | 1.39 [ 167 | 145 [ 158 | 0.18 | 0.21 1 0.20 | 0.10 | 0.93 [ 0.21 { .60 1 1.19 [-:0.90 1 1.66.1 '1.39
Control {006 [1,03] 0.08 | 1.01 | 1.12.| 1.08 | 1.11 | 0.17 | 0.15 ] 0.16 | 0.18 | 0.19 | 0.19 | 0.67 | 0.32 | 0.50 | 0.67 .ozs 047
000 [0.82[ 0.69 | 0.76 {.0.80 | 0.79 [ 0.80 | 0.00 [ 0.17 [ 0.09 [ 0.00 | 0.18 | 0.03 | 0.54 | 0.54 ['0.54 | 0.56 | 0.4 [ 0.40 |
Ave. (A x B) 1107 102 (PN 120 [ 102 A‘1“_’-’1g‘) 0.12 [ 0.18 (2B 012 | 0.20 (¥ E.0163 | 066, ?‘gﬁa' )-0.99 054 Ave ()
TR 284] 260 2.77 | 2.34 | 200 { 202 | 039 [ 0.16 | 0.28 | 0.40 | 0.16 10.28 | 151 | 099 [ 125 1/148.] 000 § 1.24
ol Eooo 522( 197 | 2.10 | 1.92 | 1.68 | 1.00 | 0.22 | 0.21 | 0.22 | 0.92 | 6.22 | 0.22 | 0.54 | 1.03 | 0.78 [ 1.57 | 0.83 | 1.20
000 12.00( 1.85 | 1.03 | 1.98 | 1.66 | 1.82 | 0.18 | 0.21 {020 | 0.17 [ 0.92 | 0.20 { 0.08 | 0.59 | 0.34 | 1.08 | 0.62 | 0.85

Ave. (A x B) 2.35) 2.47 ") 208 | 1.88 [P ® 0.26 | 0.19 (M) 0.26 | 0.20 (M) 0.71 | 087 (AW 1.38 | 0.81 [y
190 975 ] 1.43 | 1.02 | 1.66 | 1.79 | 0.00 | 0.17 | 0.09 | 0.00 | 0.18 | 0,09 | 0.70 | 0.93 | 0.82 ] 1.12 ] 0.93 | 1.03

roliar 000 {1.31] 1.40 | 1.36 | 1.22 | 1.49 | 1.36 | 0.14 | 0.1 ] 0.17 | 0.15 1 0.18 | 0.17 | 0.77 | 0.52 | 0.65 | 0.71 | 0.44 | 0.58
P00 1 0.63] 1.05 0.84 1 1.93 | .15 1.4 | 0.18 | 0.22 | 0.20 | 0.19 | 0.22 { 0.21 | 0.49 | 0.11 | 0.30 1 0.55 | 0.14 | 0.35

vao. (Ax B) 101} 1.40 A 142 | 143 AR 0.1 [ 019 ME% 0.11 1 0.19 Y08 065 | 0.52 (el 0.79 | 0.50 [N
o 250 2.36 | 2.43 | 2.31 | 2.45 | 2.38 | 0.24 | 0.16 | 0.20 | 0.23 | 0.17 | 0.20 | 1.10 | 1.26 | 1.18 | 1.33 | 1.26 | 1.30
oiar 000 | 1.68] 1.5 {1.47 | 1.86 [ 139 1.63 | 0.14 | 000 0.07 | 6.14 | 0.00 | 0.07 [ 1.33 | 1.05 | 1.19 [ 1.06 [ 0.86 | 1.01
2000 | 1.23] 1.30 | 1.27 | 1.14 | 1.10 | 1.12 | 0.27 | 0.00 | 0.14 | 0.26 | 0.00 | 0.13 | 0.68 | 0.21 | 045 | 0.70 | 0.21 | 0.48

Ave. (A x B) 1.80 | 1.64 |20 1.77 [ 1.65 |M19W] 0.22 | 0.05 |52 0.21 [ 0.06 |2 1.04 | 0.84 (SN 1,03 | 0.8 [ArS (N
ave. (B x[a 1951 2.05 2 C0 2,06 | 1.02 MEON 020 § 0.18 (MO0 0.21 | 0.19 [REION 1.00 | 1.07 [MEEN 140 | 107 A?gﬂ
c) D00 | 1.66] 1.40 | 1.48 | 1.53 | 1.46 | 1.50 | 0.7 | 0.14 | 0.16 | 0.47 | 0.15 | 0.16 | 0.83 | 0.73 | 0.78 | 1.00 | 0.62 | 0.81
000 |1.17] 1.22 | 1.20 ] 1.26 | 1.18 | 1.22 | 0.16 ] 0.15 | 0.16 | 0.16 | 0.16 | 0.16 | 0.45 | 0.35 | 0.41 ) 0.75 | 0.30 | 0.53.

ve. (B) 1.56] 1.56 162 | 1.52 .18 | 0.16 0.18 | 0.17 0.76 | 0.72 1.05 | 0.66
LSD at 5% for:

Humlc acid (A) 0271 0957 0.007] 0.007 0107 0.108
Peach aod spricot (B) 0.233 0.923 0,006 1 0.006 0.092 0.054
Salinity (C) 0.233 0223 0.006 0.006 0.092 0.094
AxB 0.384 0.364 0.010 0.010 0.151 0.154
AxC 0.470 0.446 0.012 0.012 0.185 0.188
BxC 0.332] 0.315 0.008 0.008 0.131 0.133
AXxBxC 0.664 0.631 0.017 0.017 0.261 T 0.266

g
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Humic acid treatments (especially soil application) exhibited a remarkabie
increment in the percentage of leaf content of dry matter {56.7 %), nitrogen
(2.26 %), phosphorus (0.23 %), and potassium {0.79 %) than the control
(431 %, 1.05 %, 015 % and 0.65 %, respectively Tables 1 and 2).
Meanwhile, under salinity condition, peach leaves accumulated in the 1
season higher levels of N {1.56 %), P (0.18 %) and K (0.76 %) than apricot
leaves (1.56 %, 0.16% and 0.72 %, respectively). '

In the second season salinity treatments reduced leaf dry weight of
peach from 46.7 % to 45.8 % and then to 39.2 % and of apricot from 48.4 %
to 45.9 % and then to 38.2 % as salinity dose increased from 0 to 1000 and
then to 2000 ppm, respectively. The reduction in the leaf content of N {from

- -1.99 % to 1.50 % and then to 1.22 %), P (from 0.20 % to 0.16 % and then to
0.16%), and K (from 1.24 % to 0.81 % and then to 0.53 %) due to salinity
treatments in 2005 was paraliel to the increase in salt level. It was also
noticeable that under normal conditions peach and apricot leaves contained.
higher nitrogen levels (2.00 %-1.99 %) than potassium (1.04 %-1.24 %)
which was intumn, higher than phosphorus (0.18 % -0.20 %) in 2004 and
2005, respectively. '

Concerning the interaction effect, peach seediing were less
responsive to the deleterious salinity effect, while they responded better than
apricot seedlings to humic acid treatments, specially in soil application.

3- Root system growth '

The root system growth (Fig. 3 and 4) included
measurements on root length (Table 3) and number of roots (Table 4)
separated according to diameter to < 0.5, 0.5-1.5 and > 1.5 cm. We also
calculated the percentage of dry matter of main and secondary roots (Tabie
5). The present data showed that, it is valuable to treat peach and apricot
seedling with humic acid (especially soil application) to eliminate the
unfavorable effect of salinity where it effectively increased root length to 9.57,
38.0 and 16.6 cm and increased number of roots to 0.50, 7.72 and 11.1
comparing to control (7.10, 11.8 and 7.2 cm as well as 0.40, 2.52 and 4.50). It
also enhanced main roots (39.2 %) and secondary roots (38.7 %) to
accumulate more percentage of dry matter if compared with control (24.4 and
26.0 %, respectively).
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Table (3): Effect of humic acid (A) and salinity of Irrigation water (C) on root length (>1.5, 1.5-0.5 and < 0.5 cm) of
peach and apricot seedlings (B).

>1.5cm 1.5-0.5 cm <0.5 cm
A c) 2004 season 2005 season 2004 season 2005 ssason 2004 season 2005 season
Peach Aprlc@' (::g) PeachIAprlco (2:8) iPeachL\pﬁcot (::g Peach Aprlcotl ::8 [Peach Apricot (2:& Peachll_\prlcol !::g

870118.30113,50| 800 | 0.00 { 400 11608 1106 { 138 1107 | 133 (12011381376 1258 | 98 | 69 | 84

Control 1000 | 0.00 | ©.30 | 4.65 | 0.00 1 6,30 | 4.65 [ 13.0 | 9.1 (11.1[12.3 | 96 (11.0| 82 | 7.8 | 80 | 86 | 7.3 [ 80
000 | 3.30 | 330 [ 3.30 | 3.30 | 3.50 | 3.40 | 128 | 856 [ 10.7 | 126 | 7.2 | 00 | 6.9 | 324 | 19.7 | 6.7 | 4.0 | 6.4
Ave. (AxB) | 4.00 [1030[4° 0 377 [ 427 (AR 142 | 94 (AW 119 { 100 [ o7 | 259 MRl 54 | 61 (AT
| 000 [23.80]11.90] 990 | 6,00 | 7.95 | 33,6 |118.4] 76.0 | 262 | 256 | 27.4 | 165 | 136 | 15.2 | 20.2 | 18.8 ] 19.5
[oll  [1000 J0.00 15801 7.00 [ 0.00 12,50 11.25 2331296 1266 [ 260 {263 1262 "33 [ 377 1255 149152 [15.1
2000 | 0.00 [17.80 8.90 [13.30{ 000 | 6,65 | 13.3 | 0.5 | 114 | 21.0 | 234 | 22.2 1 338 | 346 | 342 | 134 [ 17.0 | 152
- Ave (A) Ave (A) Ave (A Ave (A} Ave (A) Ave {A)
Ave. (AxB) | 0.00 [19.13}M0 W 773 | 283 [A I} 23.4 | 526 [MEUV) 254 | 25.1 ROV 212 | 287 (AR W] 162 | 17.0 AV

D 0.00 |15.10} 7.55 | 460 | 6.70 | 565 | 17.5 | 19.2 ] 184 | 13.9 | 170 | 155 | 36.6 | 10.0 | 23.3 | 128 ] 374 | 25.2
Follar 000 | 0.00 | 950 ) 4.75 | 4.50 | 0.00 | 225|150 | 17.5 | 163 | 107 [ 147 ] 127 ) 85 | 61 | 7.3 | 11.0] 8.0 | 85
2000 | 000 | 55012751000 000)000)110] 96 | 103 | 733|100 417 ) 7.0 | 323 ) 19.7 ] 7.8 | 324 | 201

Jave. (Ax B) 0.00 | 10.03 P2 3,03 | 2.23 AR O 145 | 15.4 (A0 AY 325 | 13.0 [0 BN 17.4 | 161 [AV AN 406 | 259 (AR WD)

2.63 15.0 23.3 16,8
0 11.70] 9.40 10 55/11.30)1 0.00 | 565 | 25.3 ! 11.0 | 182 | 34.8 | 26.3 | 30.6 | 15.0 | 13.4 | 14.2 [ 111.0] 19.6 65.3
1000 | 6.70 |12.00] 8.85 | 550 | 0.00 | 275 [ 20.1 | 144 | 17.3 | 26.1 | 23.5 | 24.8 | 63.0 { 125 | 37.8 | 22.8 | 10.0 | {6.4

ollar 1000 | 0.00 | 15.40] 7.65 | 14.30] 0.00 | 7.15 | 14.5| 62 | 11.5 | 2261105 21.1] 64 | 08 | 8.1 | 65 ] 46 | 66
Ave. (A x B) 5.80 | 12.17 |32 1037 0.00 "2 200 | 115 [N 27.8 | 231 [AR U 261 [ 119 |AR B 474 [ 11.4 [AR WY
Ave (C Ave (C Ave (C Ave A ve (C
ave. (8 510 | 166540 ) 8.45 ) 3.18 A O 233 ) 308 (MR C) 222 1 206 MR ) 205 1 187 (MO 3p.5 | 207 AR D)
) 1000 | 1.43 | 11.65) 6.54 | 2.50 | 2.95 | 2.73 | 17.0 | 17.7 | 17.8 | 18.8 | 16.5 | 18.7 | 23.3 | 16.0 | 19.7 | 14.3 ] 10.1 | 12.2
2000 | 0.83 | 10.43] 5.63 [ 7.73 | 0.88 | 4.31 | 12.9 | 02 | 11.1 | 324 | 15.0 | 23.7 | 136 | 27.3 | 204 | 6.1 | 145] 11.8

ve. {H) 2.45 (12,91 6.23 | 2.34 18.0 | 22.2 2451 180 19.11207 20.6 | 15.1

LSD at 5% for:

Humnic acid (A) 0.325 0.358 652 433 537 782
Peach and apricot (5) 0.262 0.310 5.64 3.75 4.65 6.77
Salinity (C) 0.282 0.310 564 3.75 4.65 8.77
AxB 0.460 0.507 922 6.12 7.60 11106
AxC 0.563 0.621 11.29 7.60 9.31 11355
BxC 0.389 0.439 798 5.30 6.58 [958

AxBxC 0.797 0.878 15.96 10.60 13.16 : . 19.16
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Table (4): Effect of humic acid (A) and salinity of irrigation water (C) on number of root (>1.5, 1.5-0;5 and < 0.5 em) of
peach and apricot seedlings (B).

>1.5cm J 1.5-0.5¢cm <0. 5 cm
A) ) 2004 season | 2005 season 2004 season 2005 season 2004 season 2005 seascn
Ave Ave Ave Ave Ave | Ave
Peach|Apricot| {AXC) P achIAprlco (AxC) PoachijApricot AxC) PeaJApﬂcot ( Axc,hPeachlApricoI(Axc) lPeach otl (AxC)

0 0.70 1 1.00 | 085 { 0.70 1 0.00 | 0351350 1217 | 284 1380 | 320350| 85 | 90 | 88 | 65 | 68 | 6.2
Control  [1000 ] 0.00 | 0.31 ] 0.16 | 0.00 { 0.70 § 0.35 [ 3.00 [ 2.00 | 260 | 2.70 | 220 | 245 ]| 43 | 87 [ 65 | 42 | 43 | 43
2000 © 0.30 [ 0.07 1019 | 0.30 |0.70 [ 0.50 | 2.00 | 1.00 ; 1.50 | 2.00 | 1.20 | 160 ] 3.8 | 23 ! 31 | 38 | 25 | 3.2

Ave (A) Avo (A) Ave (A) Ave (A} Ave (A) Ava (A)
Ave. (A x B) 0.33 | 0.46 0.40 033 | 047 0.40 2.83 1 1.72 298 283 | 220 252 55 | 67 61 45 | 45 45
1] 0.00j100]050]070]070)070 5005505251820 )820)1820 122103 ]1131145]11.3] 129
Boll 4000 | 0.00 | 1.00 | 050 | 0.00 [ 0.30 (015 {3.00 470385 (820700760118 ] 00 | 104|117 ] 92 | 105
000 1 0.00 | 1.00 ] 050 1130 J0.00 j0.65 | 2004703351720 |7501735[115) 56 | 86+ 108 ] 88 0.8
Ave (A) Ave (A) Ave (A) Ave (A) Ave (A) Ave (A)
Ave. (A x B) 0.00 | 1.00 0.50 0.67 | 0.33 0.50 333 | 4.97 416 7.87 | 7.57 772 11.8 | 83 10.4 123 | 98 1.1

| 0.00 [1.30 | 065 0.70 | 0.30 [ 0.50 | 5.30 | 3.80 | 4.55 | 5.00 | 400 | 450 | 115 [ 82 | 9.6 | 139 | 13.8 | 139
oliar 1000 | 530 {1.00 ] 315 | 070 | 000 ] 0.35 | 290 [ 320 | 3.05 | 230 (170 | 200 ]| 92 | 7.7 | 85 [ 107 ] 8.0 | 94
2000 | 0.00 [0.70 | 035 j0.00 | 0.00 (000|230 [200 ] 215|250 1100 1175]| 83 | 63 | 73 | 73 | 50 | 62

Ave (A) Ave (A) Ave (A) Ave (A) Ave (A)
Ave. (A x B) 1.77 { 1.00 (A58 047 [ 010 AR 350 | 3.00 A0 327 | 223 (9B 07 | 7.4 PPN 106 | B0

052 14001076 ]070]1000]035/400]380]|390]7.00)|670[685]120] 9.0 {105 19.0 | 185 188
1000 | 0.23 | 0.70 | 0.47 | 030 | 0.00 [ 015§ 3.50 | 3.20 | 3.35 | 630 | 630 1630 |1 423 [ 87 | 105|173 | 17.0 | 17.2

ol +

ollar 5000 [0.00 [ 1.30 | 0.65 | 6.70 | 0.00 | 0.35 [ 1.00 | 3,00 [ 2.00 | 6.70 | 6.00 | 6.35 [ 05 | 7.2 | 84 | 158 | 120 | 13.0
Ave.(AxB) | 025 | 1.00 [ BN 057 | 0.00 [MC) 283 | 3.33 [P0V 667 | 6.33 PRtV 113 | 83 [N 474 | 158 AW
lve. & | 031 108 P 070 | 025 MOV 445 | 382 A‘f,ﬁf’ 6.00 [ 553 AR (OX 14,4 | 9.4 (AR 432 [ 126 A C)
138 | 0.5 | 1.07 | 0.25 | 0.25 [ 0.25 | 3.90 | 3.96 [ 3.19 [ 4.88 | 430 [ 4.59 | 5.4 | 85 | 9.0 [ 11.0 | 06 | 103
00 [ 0.08 | 0.77 [ 0.43 [ 0.58 [ 0.18 [ 0.36 | 1.83 | 2.66 | 2.26 | 4.60 | 3.93 | 4.27 | 8.3 | 64 | 69 | 94 | 7.1 | 8.3
Ave. (B) 0.69 { 0.67 0.51 {023 3.13 [ 3.6 5.16 [ 4.69 96 | 7.1 112 08
LSD at 5% for;

Humic acid () 0.327 0135 0.795 0.868 162 177
oach & 0.283 0.117 0.689 |* 0.752 1.58 154
oot (B} . _ . . : .
Salinity (C) 0.283 0117 0,689 0752 158 15
AXB 0.462 0.191 1.124 1.228 2.57 2.51
AxC 0.566 0.233 1377 1,503 3.15 3.07
BXC 0.400 0.165 0.974 1.063 2.23 1.68

AxBxC 0.800 0.330 1.948 2,126 4.45 4.35
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Table (5): Effect of humic acid (A) and s'allnity -of irrigation water (C) on 'percentag:e of dry matter in main and

secondary roots of peach and apricot seedlings (B). )
Maln rools (%) r Sacondary roots {%
) 2004 season 2005 season 2004 season : 2005 season
w @ Peach | Apricot Ave Peach | Apricot Ave Peachﬁ Apricot Ave Peach | Apricot Ave
{AxC) | - (AxC) {AxC} {AxC)
[ 50.0 53.6 5.8 0.4 25.9 28.1 a2.7 49.6 46.2 31.6 215 29.6
Control 1000 501 44,2 472 1218 245 262 | 457 436 44.7 294 225 26.0
2000 | 404 335 370 | 227 15.2 18.0 378 | 362 37.0 22.1 23,1 22.6
ave.(AxB) | 488 | 438 | MW g79 | 218 [ARIT o4 | oazn [ARI] a7y | opee [ ARG
_ 0 59.5 52.9 56,2 43.2 44.0 43.6 495 43.0 46.8 30.2 46.1 42.7
Solt 1000 | 58.2 49.4 538 40.9 36.7 38.8 479 42.0 45.4 4.2 331 33.7
2000 5635 461 49.8 - 38.8 314 35.1 495 411 48. 39.2 40.4 39.8
Ave.(AxB) | 571 | 495 A;g Q1 a0 | ara ARAN ) 400 | 423 [ARW ) w5 | ane | AR i

5 457 | @95 | 488 1 298 | 530 | 304 | 468 | 402 | 455 | 958 | 368 1 2.2
Folar {9000 435 | 434 | 433 | 313 | 295 | 304 | 442 | 307 | 42 336 | 273 | 300
2000 | 410 | 404 | 412 | 225 | 286 | 266 | 410 | 379 | 395 | 236 | 226 | 23.
Ave.(AxB) | 445 | 443 | MOAL g9 | agy [ARIIE 40 | s0a [AREYY a00 | 208 | AV A
0576 1 522 1 540 | 354 | 3iE | 335 | sae | 444 | 490 | 388 | 400 | 379
000 | 53.0° | 461 | 501 | 0328 | 264 | 257 | 453 | 451 | 453 | 337 | 941 | 330

Soil +

foliar 2000 1 49.7 44.9 47.3 35.2 36.2 25.7 41.0 41.2 411 25.6 16.5 21.1
Ave (A) | Ave (A) Ave (A) Ave (A)
Ave. {A x B) 53.8 47.7 0.8 31.1 28.1 206 46.6 43.6 45, 1(; 31.7 30.2 31.0
Ave (C) Ave (C) Ave (C) Ave (C)
Ave. B x 0 53.8 52.1 £3.0 34.6 33.2 3.9 48.2 44.3 46.3 35.1 38.0 35.6
C) 1000 515 45.7 486 33.2 29.3 3.3 45.8 428 44.3 325 20.3 30.9
2000 | 464 4.2 43.8 27.3 25.4 26.4 42.3 35.1 40.7 27.6 25.7 6.7
Ave. {B) 50.6 48.3 3.7 253 45.4 | 42.1 317 30.3
LSDat 5 % for:
Humic acid (A) 4.972 2.695 3.699 3.486
g’l“h and apricot 4.306 2.334 3.203 3.019
Salinity (C) 4.308 2134 3.203 3.019
AxB 7.032 . 3611 5231 ) 4.930
AXC B.612 4 568 5.407 | 6.039
BxC 6.090 3301 4.530 4270

AxBxGC 12.180 6.601 _ anARN
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il -.&. :
L= 2ippm

2000 ppm : o
Ciondiond et

Peach

Fig. (3): Effect of humic acid treatment soll application on root growth of
‘Florda Prince’ peach on ‘Nemaguard’ rootstock at 2000 ppm
salinity .

2000 ppm giv- 2m0ppm - Control

Apricot

Fig. (4): Effect of humic acid treatment soil application on root growth of
‘Canino’ apricot on ‘Balady’ rootstock at 2000 ppm salinity.
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. It was noticed that root was elongation and branching was mostly
higher with apricot in the 1* season (2004}, while it was higher with peach in
the 2™ season {2005). Also, peach roots accumulated percentage of dry
matter (50.5 % and 31.7 % in the main roots as well as 45.4 % and 31.7 % in
the secondary roots in the two studied seasons, respectively) higher than
apricot roots {(46.3 % and 29.3 % in the main roots as well as 42.1 % and -
30.3 % in the secondary roots).

Salinity had a restrictive effect on root elongation (root length) and
branching (humber of roots) and also root nutritional status {dry matter).
Moreover, this restrictive effect was more pronounced with active roots {roots
less than 0.5 cm in diameter) and medium diameter roots (1.5-0.5 cm) than
with larger roots {> 1.5 cm). The reduction in root system growth seemed to
be strongly dependent on salt level, where root length (separated according
to diameter to > 1.5, 1.5-0.5 and < 0.5 cm) decreased from 10.68 to 6.54 and
then to 5.63 cm; from 31.6 to 17.8 and then to 11.1 cm; and from 29.6 to 12.2
and then to 11.8 cm as- salinity level increased from ¢ to 1000 and then to
2000 ppm, respectively. likewise, the number of roots decreased from 0.48 to
0.25 and then to .38, from 4.13 to 3.19 and then to 2.25 and from 12.9 to
10.3 and then to 8.3, respectively.

4. Toxic ions content and praline amino acid

Humic acid treatments {especially soil application) successfully
minimized Na' (0.11 % and 0.12 %), CI" ions (0.022 % and 0.021 %) and
proline (0.035 and 0.018 mg/g) content comparing to control {1.36 % and
144 % Na', 0.028 % and 0.021 % CI, as well as 0.058 and 0.057 mg/g
proline). Therefore, salinized peach and apricot seedlings with humic acid as
soll application could be grown as near normat as under non-saline condition.

Comparing peach and apricot response to salinity, apricot
leaves tended to accumulate levels of Na* (0.57 % and 0.70 %), CI" (0.030 %
and 0.021 %) and proline (0.043 and 0.046 mg/g) higher than peach leaves
(0.54 % and 0.60 % Na’, 0.019 % and 0.019 % CI and 0.037 and 0.036 mg/g
profine) in the studied seasons, respectively. The differences mostly attained
the level of significance.

According to the experimental data presented in Table 6, it was
observed that as the salinity of irrigation water increased from 0 to 1000 and
then to 2000 ppm, a subsequent increase was noticed in leaf sodium (from
0.48 % to 0.65 % and then to 0.84 %), chloride {fromn 0.017 % to 0.025 % and
then to 0.031 %) and proline amino acid content (from 0.009 to 0.037 and
then 0.074 mg/g). These increases were statistically significant.

DISCUSSION AND CONCLUSION

The present resuits showed that salinity of irrigation water exerted
harmful effect on growth parameters {percentage of growth rate, percentage
of metabolism conductivity, leaf area alongwith leaf chlorophyll content), leaf
nutritional status (leaf dry matter and NPK contents) and root system growth
{root length and number of separated roots according to diameter to <Q.5,
0.5-1.5 and > 1.5 ¢cm., as well as percentage of dry matter of main and
secondary roots). On the other hand, peach and apricot leaves accumulated
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increasingly toxic ions (Na' and CI) and proline amino acid by increasing
salinity level.

Similar results were also achieved by Swiedan et al (1992) who
reported that salinity tended to restrict apple growth and plant elongation.
Also, Hoffman et al. (1989) suggested that chloride was the dominant ion
causing plum foliage damage which led others (Shahin, 1989; Boland et al.,
1993 and 1997, and Volschenk; & Villiers, 2000) to consider ieaf chloride
content in apricot, plum, nectarine and peach as a good indicator of salinity
level.

Meanwhile, apricot seedlings were more sensitive to salinity
treatment as they recorded less growth parameters, nutritional status and
root system growth, while they accumulated higher amounts of sodium,
chloride and proline amino acid comparing with peach seedlings. This finding
is in line with, Shahin (1989) who disclosed that ‘Marianna’ plum rootstock
was more sensitive to salinity than ‘Marianna 2624’ or 'Myrobaian 29C’. Also,
‘Nemaguard’ and ‘Lovelf’ peach rootstocks minimized Na' release to the
vegetative parts but failed to control CI' mobility {Fathi & Catline, 1994).

However, humic acid treatment (especially soil application) effectively
decraased the deleterious effect due to salt accumulation in both plant
tissues and in the soil. Consequently, it enhanced peach and apricot plants to
grow better (with vegetative and root system) and to accumulate higher
amounts of NPK elements and dry matter), while it reduced leaf content of
toxic ions (Na* and CI') and proline towards the normal level. Generally,
Macan & Peterovic (1995) stated that humic acid was the most significant
component of organic substances in aquatic systems. According to
Baalousha et al. (2006), it was exhibitsed a more compacted and close
network with increasing salinity. It has a positive influence on plant growth
and development (Bohme & Lua, 1997; Hartwingsen & Evans, 2000; and Liu
& Cooper, 2002).
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Table (6): Effect of humic acid (A) and salinity of irrigation water (C} on proline amino acid, percentage of sodium

(Na) and chioride {Cl} of peach and apricot seedlings (B}.

Proline (mgig) Na (%) Cl %)
2004 season 2005 season 2004 season 2005 season 2004 season 2005 season
@ e Peac Ave [peach Ave oo ch AVe luouch Ave Peach AVE | ach ot | Ave
h{ Apricot {AXC) sach| Apricot {AxC) ach| Apricot (AXC) 'aach| Apricot (AXC) each| Apricot (AXC) Aprle (ﬂ
contr |9 0,024 | 0.0091 0,017 | 0.005 | 00091 0.007 | 0:61 | 0.60 | 0.85 | 0.85 | 066 | 0.91 10,010 0.02010.015]0.010] 0.007 |0.008
P 11000 10.072]0.059]0.06610.072{0.05610.0641 1.60 | 1.62 | 1.61 | 1.71 | 1.49 | 1.60 | 0.018{0,043]0.031{0.016] 0.033 [0.026
2000 10.086]0.00810.002 1 0.085]0.113 1 0.008| 1.62 | 1.63 | 1.63 | 1.76 | 1.85 | 1.81 10,030 10.045]0.038 | 0.030 ] 0.026 |0.026
Ave. (Ax B) |0.061|0.055 ‘;‘fg;:’ 0.054 | 0.059 %‘fgé‘;’ 1.35 | 1.38 A‘;f'agA’ 144 | 1.43 Aﬁf‘” 0.018 ) 0,036 ”(‘,"gg" 0.019] 0.022 ‘;‘fgz‘?’
o 5,010 10,007 | 0.009] 0,010 | 0.01710.014{ 0.00 | 0.11 | 0.70 | 0.10 | 0.12 | 0.11 |0.031 0017 | 0.024 [ 0.095 ] 0.017 |0.016
Soll (1000 0.01110.021 0,076 0.01210.021[0.017] 0.11 | 012 | 0.12 1 0.12 | 0.13 | 0.13 [0.016 (0.024 [ 0.020 | 0.022] 0.025 [0.024
2000 [0.02110.140 {0,081 | 0.021 [0.025 | 0.023] 0.12 1 0.13 | 0.12 | 0.13 | .13 | 0.13 ] 0.015 {0,020 | 0.023 | 0,015 | 0.032 |0.024
Ave. (Ax B) |0.014 ] 0.056 ‘":]‘fgs‘g’ 0.014 { 0.021 %‘fg,‘:’ 0.11 | 042 [N %) 0.42 | 0.13 ‘“(‘;ﬂ(:’ 0.021)0.024 “0"_;;2’ 0.017] 0.025 ":)‘fgz‘,‘:"
Io 0.003 {0,001 | 0.002 | 0.005 | 0.00110.003 | 0.56 | 0.61 1 0.60 1 0.71 | 0.70 { 0.71 {0.0080.022 {0.016 | 0,018} 0.016 10,017
[Follar [1000 10.043{0.052 [ 0.048 | 0.0451 0.053 | 0.049] 0.55 | 0.63 | 0.56 | 0.72 | 0.75 { 0.74 [0.018]0.045(0.032 | 0.010| 0.017 |0.014
2000 10081 | 0.093 ] 0.087 | 0.083 [ 0.081 0.087 | 0.60 | 0.68 | 0.64 | 0.72 | 0.79 | 0.76 | 0.024 | 0.042 [0.033 | 0.024 | 0.022 | 0.023
Ave. (Ax B) |0.042]0.049 ‘;‘fm’ 0.044 ) 0.048 ‘})‘f"o‘i:’ 058 | 0.64 | W) 072 | 0.75 A‘é_“,f::" 0.017 | 0.036 A;g_“,‘;’ 0.017| 0.018 ‘},‘f;}:’
sorf 10 0.010 [ 0.004 | 0.007 | 0.018 | 0.003 [ 0.011 | 0.10 | 042 | 0.1 [ 6.13 | 0.13 | 0.13 {0.008]0.020[0.015]0.098 | 0.020 10.019
teliar (1000_10.0330.008 [ 0.021[0.028 [0.067 [0.0481 0.11 | 0.12 | 0.12 | 0.14 [ 0.15 | 0.15 {0.01910.02010,020 [0.015| 0023 10.021]
2000 | 0.045]0.027 | 0.038 | 0.050 | 0,092 0.071] 0.13 ] 0.13 | 0.13 | 0.14 ] 1.16 | 0.65 | 0.030] 0.030] 0.030 ] 0.030 ] 0.018 | 0.024
Ave. (Ax B) |0.031]0.013 ‘;"_g;‘z" 0.032 | 0.054 ”:}‘fgj;’ 0.1 | 0.12 {2 0.14 | 0.48 A;;‘f’ 0.01910.023 At;‘:,;‘:" 0.0221 0020 ‘:g;‘:’
= [Ave (C) Ave (C) Ave (C) Ave (C) Ave (C) Ave (C)
&vo.xo 0.012{0.005 [N 0.010 | 0.008 [+ O 0.40 | 0.43 ML) 0.45 | 0.48 |*1° ) 0.015]0.020 {40 0010 | 0.007 e lC
& [1000 [0040 [0:0350.038 | 0,039 | 0049 [0.044 | 050 | 0.62 | 0.61 | 0,67 | 0.63 | 0.65 [0.018]0,033]0.026[0.018 | 0,033 [0.026
2000 | 0,059 ] 0.080 ] 0.075 ] 0.060 | 0.080 | 0.070] 0.62 | 0.64 | 0.63 | 0.69 | 0.98 | 0.84 | 0.025) 0.037 | 0.0310.030] 0.026 10.028
Ave. (B) 0037 0.043 0.036 | 0,046 0.54 | 0.56 0.60 | 0.70 0,019 0.030 0.013] 0.022
LSD at 5% for: )
Humic acid (A) | 0.021 0.002 0.007 0.080 0.0074 0.0030
Peach and apricat (B)__| 0.018 0.002 0.006 5.069 0.0064 0.0026
Salinity (C) 0.018 0.002 0.006 0.069 0.0064 0.0026
AxB 0.030 0.003 0.010 0.113 0.0104 0.0043
AxC 0.037 0.004 0.012 0.138 0.0128 0.0052
BxC 0.026 0.003 0.009 0.068 0.0080 0.0074
AXBXC 0.052 0.005 0.017 0.195 0.0181 0.0074
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Therefore, it is recommended to peach and apricot nursery growers under
saline condition to use soil application of humic acid at the rate of 20 m! of
Actesol in 1 L water every other week during the period from end of June till
Oct.15™ to minimize the harmful effect of salinity
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