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ABSTRACT

Salinity becomes one of the most important and serious agricultural problems. Furthermore, it is an
ever-present impendence to crop productivity, especially in the countries where irrigation is a determining
factor for agricultural activity. It is known that crop matching is one of the ways to overcome the problem of
soil salinity, such as triticale plant which was recognized as a crop suitable for growth in saline soils. Two
field trials were conducted to study the interaction effect of soil salinity levels, Humic substances and
mineral phosphorus fertilization, it can further illustrate how triticale cultivation in saline soils is developed
by studying the impact on plant height, forage fresh and dry weight, total NPK uptake in dry forage. All
privies parameters were depressed with increased salinity levels. While the order of Humic substances for
their influences on ftriticale growth parameters and total N, P and K uptake were as follows: Falvic soil,
Falvic foliar, Humic soil, Humic foliar, without Humic substances. While, applying 140 kg P ha® gave the
highest results of previous parameters. While the interaction effect shows that when using 70 kg p ha* in low
soil salinity (SL), or when using 140 kg p ha™ in moderate soil salinity (SM), the effect of Humic substances
will become clear on fresh and dry forage yield and total N, P and K uptake of triticale. Therefore, it is
preferred that applying Humic substances and mineral phosphorus fertilization to the improvement of
triticale production with increasing soil salinity.
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INTRODUCTION

Soil salinity considers as one of the major
environmental abiotic stresses in the world that limit
agricultural productivity and food supply. Salt in soil and
water restrains plant growth for two causes. First, soil
salinity reduces the ability of plants to water uptake by the
osmotic or water deficit effect of salinity. Second, it may
enter the transpiration stream and subsequently wound
cells in the transpiring leaves, this is the salt-specific or
ion-excess effect of salinity (Munns and Tester, 2008;
Parihar et al., 2014), resulting in a loss of yield of 20 to
50% (Shrivastava and Kumar, 2015).

Triticale is a new cereal which has been produced
by crossing wheat and rye grass. Over years thanks to
research and breeding, it has become an important small
grain addition to the agricultural repertoire designed to
cope with the needs of many regions of the world for feed,
forage, and sustainable cropping systems (Arseniuk, 2015).

Humic substances are natural organic compounds,
comprising a complicated array of molecules of relatively
low molecular weight bounded by van Der Waals forces, p
—p, CH-p and hydrogen bonds (Piccolo 2002; Colombo et
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al., 2015; Shen et al., 2016). Humic substances are
physiologically active on soil and plant growth due to their
complex structure rich in organic content. Several
investigations suggested the beneficial effect of using
Humic substances in agricultural systems including
reducing mineral fertilizers application, increasing of
fertilizers use efficiency, increasing of plant tolerance
against environmental stresses, reducing the hazardous
effect of plant pathogens, stimulating early growth and
maximizing the produced yield (Denre et al., 2014).

Phosphorus (P) is an essential macro-nutrient
required for many functions in the plant, involving energy
production,  nucleic  acid  synthesis,  glycolysis,
photosynthesis, respiration, membrane synthesis and
stability, enzyme activation/ inactivation, signaling, redox
reactions, and carbohydrate metabolism (Vance et al., 2003).

So it was suggested to study the interaction effect of
soil salinity levels, Humic substances and mineral
phosphorus fertilization, it can further illustrate how
triticale cultivation in saline soils is developed by studying
the impact on plant height, forage fresh and dry weight,
total NPK uptake in dry forage.
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MATERIALS AND METHODS

Description of the experimental site and climate

Field experiments were conducted for two winter
seasons (2017-18 and 2018-19) to study the effect of Humic
substances and mineral phosphorus fertilization on forage
yield, some macronutrients uptake and phosphorus use
efficiency of triticale under three different locations in
salinity at the experimental farm of El-Serw Agriculture
Research Station, Agriculture Research Center, Damietta
governorate (31°14'N and 31°48'E) in the Northern Egypt.

Soil samples EC was determined for the surface
layer in 1:5 soil water extract and measured by dSm™ at 25 C
as follows:

The first location salinity level (SL) were 3.5 and 3.2

dSm™ as average for the first and second seasons,

respectively. While, the second location salinity level (SM)
were 6.00 and 5.55 dSm™ as average for the first and second
seasons, respectively. But, the third location salinity levels
(SH) were 11.30 and 10.65 dSm™ as average for the first and
second seasons, respectively.

Irrigation from El-Serw drainage from a point away
from the start of the drainage about 20 km (EC 3.2:3.3 ds m-
1, SAR 10.5:11.3), therefore it's considered to cause increase
salinity problems (Tagour and Mosaad, 2017). The region
has a sub-tropical climate with hot, dry summers and cool
wet winters. The weather conditions (average precipitation
(mm), humidity percentage, maximum - minimum
temperature and Dew/Forest Point C°) at the experimental
location during triticale growing seasons were quite variable
in the two years of experimentation (Fig. 1):
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Fig. 1. (A) average precipitation (mm) and humidity percentage and (B) maximum - minimum temperature and
Dew/Forest Point (C°) of experimental sites during winter seasons at 2017-18 and 2018-19.

Experimental treatments and crop management

A split plot design with four replicates was used
where the main plots were arranged to study the effect of
Humic substances (A0, H1, H2, F1 and F2), where A0
stands for control without Humic substances, H1 indicates to
Humic foliar application at 7.15 kg ha-1, H2 refers to Humic
in-soil application at 28.6 kg ha-1, F1 indicates to Falvic
foliar application at 7.15 kg ha-1 and F2 indicates to Falvic
in-soil application at 28.6 kg ha-1. Whilst, mineral of
phosphorus fertilization rates were 0, 70, and 140 kg P ha-1
as calcium super phosphate (6.8 P) occupied the sub plots.
The plot size was 16 m2 (4m x 4m). Triticale (X
Triticosecale Wittmack. Seeds of triticale was introduced
from forage Research Department, Agriculture Research
Center, Egypt. All the recommended practices for planting
was don according to Agriculture Research Center.

The first winter season 2017-18, triticale was sown in
15th November 2017, when the last cut was in 14th April
2018. While triticale in the second winter season 2018-19
was sown 12th November 2018 and the last cut was in 11th
April 2019.

Triticale growth parameters and forage yield

Plant height (cm), fresh forage yield (t ha-1) and dry
forage vyield (t ha-1) of triticale plant were recorded at the
time of each cut, then average of three cuts were calculated.

The 1st cut was taken after 60 days from planting,
the 2nd cut was done after 45 days after the 1st cut, while the

3rd cut was taken after 45 after the 2nd cut. Forage yield was
estimated by cutting triticale 10 cm from soil surface.

Plant height determined from soil surface until upper
tipe of plant. While fresh forage yield determined by
weighting of cutting triticale for the experimental plot size
then converted to t ha-1. Dry forage yield determined by
drying all cuts for area 1 m2 in an oven at 70 °C until weight
constancy.

Total nitrogen, Phosphorus and potassium uptake

Samples randomize of triticale cuts were oven-dried
at 65°C for 48 h to a constant weight and ground to pass
through a 0.5 mm screen. Total N content was determined
by Micro-Kjeldahl method (Westerman, 1990). While total
phosphorus and potassium in plant were Chemically
analyzed according to Mertens (2005a, b) methods and
Agrilasa (2002).

Total nutrient element uptake was determined as:

Total nutrient element uptake = (Total nutrient element % x
dry forage yield “¢ ha™)/100
The statistical analysis:

Data were collected for statistical analysis according
to Snedecor and Cochran (1981). Mean values were
compared, at a level of P<0.05 by using the Least
Significance Difference (LSD) test. CoStat (v. 6.400 CoHort
software., California, USA) was used for statistical analysis
for data.
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RESULTS AND DISCUSSION

Growth characters:

According to the data contained in the Tables 1,2 and
3, plant height, fresh and dry weight of triticale plant were
depressed with increased salinity levels during both seasons
and in pooled analysis. Actually high soil salinity has three
potential effects on plants: lowering of the potential water,
direct toxicity of Na+ and ClI- and the uptake of essential
nutrients. Effects of salinity are more obvious in arid and
semiarid  regions  where limited rainfall,  high
evapotranspiration, and high temperature associated with
poor water and soil management practices are the major
contributing factors. Grattan and Grieve (1999) declared that
soil salinity has negative effects on plant growth which is
reduced in salt affected soil because of the excess uptake of
potentially toxic ions. The general effects of soil salinity on
plants are called a physiological drought effects. Actually
salinity stress affects plant growth, development, and
metabolism in many different ways. Excessive salt causes ion
toxicity inside the cell, high concentrations of salt in the root
medium, creates hyper osmotic stress that impedes water
absorption and transport. Secondary stresses such as
nutritional imbalance and oxidative stress often occur as a

consequence of ion toxicity and hyperosmotic stress (Zhu,
2001; Zhu, 2003).

On the contrary, triticale growth parameters which
were showed in Tables 1, 2 and 3 were also, highly
significantly (p<0.01) increased with Humic substances in
all seasons and pooled analysis. A positive result was
noticed in triticale growth parameters by the use of Humic
substances. Indeed, Humic substances have direct and
indirect effects on plant growth. The direct effects are those
that require the uptake of Humic substances into the plant
tissue resulting in various biochemical outcomes, but the
indirect effects involve the improvement of soil properties
Tan (2003) and Sangeetha et al. (2006). The order of
different types of Humic substances for their influences on
triticale growth parameters were as follows: Falvic soil
application > Falvic foliar application > Humic soil
application > Humic foliar application > without Humic
substances. The varied effects of different types Humic
substances are attributed to the difference of its nutrients
contents, its ability to improving soil properties. Al-Jumaily
(2016) showed that all application methods of the Humic
acid caused in a significant increase in most of parameters
used and mix application (land+foliar) have surpass in plant
height and straw yield of barley crop.

Table 1. Effect of humic substances and mineral phosphorus fertilization on plant height (cm) of triticale under

different soil salinity levels.

1 2" Pooled analysis

Treatments Soil Salinity (S. S.)

SL SM SH Total SL SM SH Total SL SM SH Total

Humic substances (H. S.)
A0 7002 69.75 5428 6468 7138 7097 5516 6584 70.71 7036 5472 65.26
H1 8522 8368 6819 7903 86.73 8526 6945 8048 8598 8447 6882 79.76
H2 8559 8363 6649 7857 8727 8522 67.77 80.09 8643 8442 6713 7933
F1 8859 8629 6878 8122 90.17 8783 7005 8268 8938 87.06 6941 8195
F2 9045 8861 7021 8309 9214 9031 7151 8465 9129 8946 70.86  83.87
Total 8397 8239 6559 7732 8554 8392 6679 7875 8476 8315 66.19 78.03
LSD 0.05 "0.21 0.22" 0.21"
Mineral Phosphor fertilization (Ph. F.)

PO 7296 7148 5696 6714 7753 7598 6052 7135 7525 7373 5874 69.24
P70 8428 8274 6606 7769 8430 8274 66.05 7770 8429 8274 66.06 77.70
P140 9468 9295 7375 8713 9478 93.04 7379 8720 9474 9299 7377 8717
Total 8397 8239 6559 7732 8554 8392 6679 7875 8476 8315 6619 78.03
LSD 0.05 0.13" 0.12" 0.11"
H.S. x Ph. F. ns ns ns

Table 2. Effect of humic substances and mineral phosphorus fertilization on fresh forage yield (t ha™) of triticale

under different soil salinity levels.

1st 2nd Pooled analysis

Treatments Soil Salinity (S. S.)

SL SM SH Total SL SM SH Total SL SM SH Total

Humic substances (H. S.)
A0 22.16 14.94 6.58 14.56 24.57 15.89 6.62 15.69 23.36 1541 6.60 15.13
H1 23.89 15.68 6.71 1543 26.42 16.70 6.75 16.62 25.15 16.19 6.73 16.02
H2 23.24 14.98 6.63 14.95 25.72 15.96 6.64 16.11 24.48 15.47 6.63 15.53
F1 25.01 15.66 6.91 15.86 27.66 16.67 6.98 17.11 26.34 16.17 6.94 16.48
F2 24.96 17.00 7.55 16.50 27.62 18.11 7.58 17.77 26.29 17.56 7.56 17.14
Total 23.85 15.65 6.88 15.46 26.40 16.67 6.92 16.66 25.12 16.16 6.90 16.06
LSD 0.05 0.13” 014" 013"
Mineral Phosphor fertilization (Ph. F.)

PO 20.19 1241 5.97 12.86 22.86 13.54 6.14 14.18 21.53 12.98 6.06 13.52
P70 24.04 16.15 7.02 15.74 26.50 17.15 7.05 16.90 25.27 16.65 7.03 16.32
P140 2732 18.39 7.63 1778  29.83  19.32 7.56 1890 2857 18.86 7.60 18.34
Total 23.85 15.65 6.88 15.46 26.40 16.67 6.92 16.66 25.12 16.16 6.90 16.06
LSD 0.05 0.10" 0.10™ 0.10"
H.S. x Ph. F. * * *
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Table 3. Effect of humic substances and mineral phosphorus fertilization on dry forage yield (t ha™) of triticale

under different soil salinity levels.

1% 2™ Pooled analysis

Treatments Soil Salinity (S. S.)

SL SM SH  Total SL SM SH Total SL SM SH  Total

Humic substances (H. S.)
A0 713 618 365 565 792 663 376 610 753 640 370 588
H1 749 669 394 604 834 718 407 653 792 694 401 6.29
H2 716 647 382 58 798 694 39 629 757 670 388 6.05
F1 784 697 379 620 872 748 392 670 828 722 385 645
F2 813 683 398 633 906 738 410 684 859 713 405 659
Total 755 664 383 601 840 712 396 649 798 68 390 625
LSD 0.05 0.01 0.02 0.02
Mineral Phosphor fertilization (Ph. F.)

PO 588 554 322 48 682 619 341 548 635 58 332 518
P70 793 671 390 618 874 712 399 662 834 692 394 640
P140 885 766 438 696 964 804 448 739 925 785 443 7.8
Total 755 664 383 601 840 712 396 649 798 688 390 625
LSD 0.05 0.02 0.02 0.02"
H.S. xPh. F. * * *

Also, data in Tables 1, 2 and 3 showed that triticale
growth parameters were also, highly significantly (p<0.01)
increased by mineral phosphorus fertilization in all seasons
and pooled analysis. The highest values of triticale growth
parameters were obtained with 140 kg P ha™ following by
70 kg P ha™. Sufficient nutrition of triticale with phosphorus
and potassium plays an important role in securing
accomplishment of yields close to potential. Both elements
fulfill important physiological functions in the plant by
taking part in the processes of photosynthesis, transportation
of assimilates and protein synthesis (Marschner, 1995).

Data in Table 2 and 3 explicates the effect of
interaction between Humic substances and phosphorus
fertilization under different soil salinity levels was a
significant (p<0.05) on triticale fresh and dry forage yield in
both season and pooled analysis. Moreover, the interaction
plot of mean of fresh and dry forage yield by the interaction
between Humic substances and phosphorus fertilization was
explaining in Fig. 2, and 3, respectively. Figure 2 showed
that the effect of Falvic foliar application following by Falvic
soil application, Humic soil application and without Humic
substances, respectively on fresh forage yield of triticale
were the highest with low soil salinity level when use 140 kg
P ha™. But when using 70 kg P ha™ in phosphate fertilization
of triticale in low soil salinity (SL), or when using 140 kg P
ha' in phosphate fertilization of triticale in moderate soil
salinity (SM), the effect of Humic substances will become
clear on fresh forage yield of triticale. While Fig. 3 indicated
that the effect of Falvic foliar application following by Falvic
soil application, without Humic substances and Humic soil
application, respectively on triticale dry forage yield were
the highest with low soil salinity level when use 140 kg
P ha™. Also, just like in fresh forage yield when using 70 kg
P ha™ in phosphate fertilization of triticale in low soil salinity
(SL), or when using 140 kg P ha™ in phosphate fertilization
of triticale in moderate soil salinity (SM), the effect of
Humic substances will become clear on dry forage yield of
triticale.

Salinity becomes one of the most important and
serious agricultural problems. Moreover, it is an ever-
present threat to crop productivity (Montesano and lersel,
2007; Rasool et al., 2013), therefore supporting crops with
materials that can give them salt tolerance is one of the

most important challenges facing agriculture in saline soils.
These materials include phosphate fertilizers (Bargaz et al.,
2016) and Humic substances (Cimrin et al., 2010; Aydin,
2012). This is illustrated by the results of Figures 2 and 3
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Fig. 2. Effect of the interaction between soil salinity levels
(S.S.), humic substances (H. S.) and phosphorus
fertilization (Ph. F.) under different soil salinity
levels on triticale fresh forage yield.
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Fig. 3. Effect of the interaction between soil salinity levels
(S.S.), humic substances (H. S.) and phosphorus
fertilization (Ph. F.) under different soil salinity
levels on triticale dry forage yield.

EL-Sayed et al. (2014) showed that foliar application
of Humic acid at the rate 0.1 % combined with super Bio-
phosphate at a rate 104 kg P ha™ had statistically significant
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effect on fresh and dry weight by radish grown under

calcareous soil conditions.

Total nitrogen, Phosphorus and potassium uptake
While, the data in the Tables 4, 5 and 6 indicates that

total N, P and K uptake (kg ha™) of triticale plant were

depressed with increased salinity levels during both seasons
and in pooled analysis. From previous studies on other crops
such as corn the salinity negatively affected the growth and it
also decreased the dry weight and the uptake of nutrient
elements (Khaled and Fawy, 2011)

Table 4. Effect of humic substances and mineral phosphorus fertilization on total nitrogen uptake (kg ha™) of
triticale under different soil salinity levels.

™ 2™ Pooled analysis

Treatments Soil Salinity (S. S.)

SL SM SH  Total SL SM SH  Total SL SM SH  Total

Humic substances (H. S.)
A0 76.41 58.69 29.79 5496 86.26 63.28 3091 6015 8134 60.98 3035 5755
H1 8791 7479 40.01 6757 9457 8058 4147 7221 9124 7769 4074 69.89
H2 8221 74.05 39.65 6531 9570 79.70 4127 7222 8896 76.88 40.46 68.76
F1 10354 80.87 42.09 7550 11583 8732 4352 8222 109.68 84.09 4281 78.86
F2 116.86 86.68 4573 83.09 13157 9349 4712 90.73 12422 90.08 46.42 86.91
Total 9339 75.02 3945 69.29 10479 80.87 40.86 7551 99.09 7794 40.16 7240
LSD 0.05 1.49 0.72 0.87
Mineral Phosphor fertilization (Ph. F.)

PO 6798 5715 30.58 5190 8048 6443 33.06 5932 7423 60.79 31.82 5561
P70 9724 7733 4033 7163 106.74 8278 40.74 76.75 101.99 80.05 4053 74.19
P140 11495 9057 4745 8432 12713 9541 48.78 9044 121.04 92.99 48.11 87.38
Total 9339 75.02 3945 69.29 10479 80.87 40.86 7551 99.09 7794 4016 7240
LSD 0.05 0.74 0.41 0.47
H.S. xPh. F. kel kel *x

Table 5. Effect of humic substances and mineral phosphorus fertilization on total phosphorus uptake (kg ha™) of

triticale under different soil salinity levels.
lbl

2llu

Pooled analysis

Treatments Soil Salinity (S. S.)

SL SM SH Total SL SM SH Total SL SM SH  Total

Humic substances (H. S.)
A0 1773 1322 742 1279 2016 1520 786 1441 1895 1421 7.64 13.60
H1 2079 1692 955 1575 2262 1772 955 1663 2170 1732 955 16.19
H2 2102 1652 884 1546 2285 1838 931 1685 2193 1745 9.08 16.15
F1 2485 1980 10.06 1824 2841 2118 1033 1998 2663 2049 1020 19.11
F2 28.66 2310 1167 2114 3363 2559 1235 2386 3114 2434 1201 2250
Total 2261 1791 951 1668 2553 1961 983 1834 2407 1876 9.69 1751
LSD 0.05 0.27 0.44 0.28
Mineral Phosphor fertilization (Ph. F.)

PO 1634 1386 756 1258 1936 1601 802 1446 1785 1493 7.79 1352
P70 2368 1790 944 1701 2676 1943 989 1870 2522 1867 9.67 17.85
P140 2781 2198 1153 2044 3048 2340 1173 2187 2915 2269 1163 21.15
Total 2261 1791 951 1668 2553 1961 988 1834 2407 1876 969 1751
LSD 0.05 0.25 0.24 0.21
H.S. x Ph. F. ol el el
Table 6. Effect of humic substances and mineral phosphorus fertilization on total potassium uptake (kg ha™) of

triticale under different soil salinity levels.

T ™ Pooled analysis

Treatments Soil Salinity (S. S))

SL SM SH Total SL SM SH Total SL SM SH Total

Humic substances (H. S.g)
A0 86.78 59.23 2925 5842 96.15 6737 31.05 648 9146 6330 30.15 61.64
H1 104.09 81.18 4261 7596 116,60 87.62 44.15 8279 11034 8440 4338 79.37
H2 107.69 88.16 46.47 80.77 11998 9561 46.30 8730 11384 91.88 46.38 84.03
F1 140.47 9796 4747 9530 15546 10559 49.78 103.61 14796 101.77 48.63 99.46
F2 153.68 10542 5127 10346 17259 113.81 52.63 113.01 163.13 109.62 51.95 108.23
Total 11854 86.39 4341 8278 13215 9400 4478 9031 12535 90.19 4410 86.55
LSD 0.05 1.15 0.80 0.57
Mineral Phosphor Tertilization %Ph. F%

PO 85.22 70.97 3488 6369 9961 77.18 37.09 129 9241 7408 3598 67.49
P70 121.85 8785 4428 8466 13532 9405 4439 9125 12858 90.95 4433 87.96
P140 148,55 100.35 51.09 100.00 16154 110.76 52.87 108.39 155.05 10555 51.98 104.19
LSD 0.05 0.88 0.57 0.61
H.S. x Ph. F. *x ** *x

On the contrary, total N, P and K uptake of triticale
which were showed in Tables 4,5 and 6 were also, highly
significantly (p<0.01) increased with Humic substances in
all seasons and pooled analysis. A positive result was
noticed in triticale nutrients uptake by the use of Humic
substances. Indeed, Humic substances have direct and
indirect effects on supply and facilitate nutrients to plants.

The direct effects are those that require the uptake of Humic
substances into the plant tissue resulting in various
biochemical outcomes, but the indirect effects involve the
improvement of soil properties Tan (2003) and Sangeetha et
al. (2006). The order of different types of Humic substances
for their influences on total N and P uptake were as follows:
Falvic soil application > Falvic foliar application > Humic
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foliar application > Humic soil application > without Humic
substances. But, the order of different types of Humic
substances for their influences on total K uptake were as
follows: Falvic soil application > Falvic foliar application >
Humic soil application > Humic foliar application > without
Humic substances. The varied effects of different types
Humic substances are attributed to the difference of its
nutrients contents, its ability to improving soil properties. Al-
Jumaily (2016) showed that all application methods of the
Humic acid caused in a significant increase in most of
parameters used and mix application (land+foliar) have
surpass in P-uptake of barley crop.

Also, data in Tables 4, 5 and 6 showed that total N,
P and K uptake of triticale were highly significantly
(p<0.01) increased by mineral phosphorus fertilization in
all seasons and pooled analysis. The highest values of
triticale growth parameters were obtained with 140 kg P
ha' following by 70 kg P ha™. Sufficient nutrition of
triticale with phosphorus and potassium plays an important
role in securing accomplishment of vyields close to
potential. Both elements fulfill important physiological
functions in the plant by taking part in the processes of
photosynthesis, transportation of assimilates and protein
synthesis (Marschner, 1995). Al-Jumaily (2016) showed
phosphorus levels caused a significant increase in all
parameters, while the level 20 mg p kg-1 soil achieved
highest increase in P uptakeof barley crop.

Data in Tables 4, 5 and 6 shows the effect of
interaction between Humic substances and phosphorus
fertilization under differrnt soil salnity levels was a high
significant (p<0.01) on total N, P and K uptake of triticale in
both season and pooled analysis. Moreover, the interaction
plot of mean of total N, P and K uptake by the interaction
between Humic substances and phosphorus fertilization was
explaining in Fig. 4, 5 and 6, respectively. Data in Figurs 4, 5
and 6 showed that the effect of Falvic soil application (F2)
following by Falvic foliar application (F1), and without
Humic substances, respectively on Total N, P and K uptake
of triticale were the highest with low soil salinity level when
use 140 kg P ha™. But when using 70 kg p ha™ in phosphate
fertilization of triticale in low soil salinity (SL), or when
using 140 kg p ha™ in phosphate fertilization of triticale in
moderate soil salinity (SM), the effect of Humic substances
will become clear on total N, P and K uptake of triticale,
where all Humic substances treatments (F2 > F1 > H1 > H2
with 70 kg P ha™ under low soil salinity) and (F2 > F1 > H2
> H1 with 140 kg P ha® under moderate soil salinity)
outperformed control treatment.
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Fig. 4. Effect of the interaction between soil salinity levels
(S.S.), humic substances (H. S.) and phosphorus
fertilization (Ph. F.) under different soil salinity
levels on total N-uptake of triticale.
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(S.S.), humic substances (H. S.) and phosphorus
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Fig. 6.Effect of the interaction between humic substances
(H.S.) and phosphorus fertilization (Ph. F.) under
different soil salinity levels (S.S.) on total K-
uptake of triticale.

EL-Sayed et al. (2014) showed that foliar
application of Humic acid at the rate 0.1 % combined with
super Bio-phosphate at a rate 104 kg P ha™ had statistically
significant effect on fresh and dry weight of root and shoot,
root length and diameter as well as nutrient content and
uptake by radish grown under calcareous soil conditions.

CONCLUSION

The results of our study recommend for
improvement of ftriticale cultivation in saline soil using
Humic substances and mineral phosphorus fertilization as
mediator to salinity stress. Also, can be recommended when
using 70 kg P ha™ in phosphate fertilization of triticale in low
soil salinity, or when using 140 kg P ha® in phosphate
fertilization of triticale in moderate soil salinity, the effect of
Humic substances will become clear on fresh and dry forage
yield and total N, P and K uptake of triticale. Therefore, it is
preferred that applying Humic substances and mineral
phosphorus fertilization to improvement of triticale
production with increasing soil salinity.

REFERENCES

Al-Jumaily, M. O. S. (2016). Effect of application methods of
the Humic acid and phosphorus levels and some growth
properties and yield of barley (Hordeum vulgare L).
Diyala Journal of Agricultural Sciences. 8 (1). 92-104.

Arseniuk, E. (2015). Triticale Abiotic Stresses—An
Overview. Triticale, 69-81.

Aydin, A. (2012). Humic acid application alleviate salinity
stress of bean (Phaseolus vulgaris L.) plants decreasing
membrane leakage. African Journal of Agricultural
Reseearch, 7(7).

504



J. of Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 10 (9), September, 2019

Bargaz, A., R. M. A. Nassar, M. M. Rady, M. S. Gaballah, S.
M. Thompson, M. Brestic, and M. T. Abdelhamid
(2016). Improved Salinity Tolerance by Phosphorus
Fertilizer in TwoPhaseolus vulgarisRecombinant Inbred
Lines Contrasting in Their P-Efficiency. Journal of
Agronomy and Crop Science, 202(6), 497-507.

Cimrin, K. M., O. Tiirkmen, M. Turan, and B. Tuncer (2010).
Phosphorus and Humic acid application alleviate
salinity stress of pepper seedling. African Journal of
Biotechnology, 9(36): 5845-5851.

Colombo, C., G. Palumbo, R. Angelico, H. G. Cho, O.
Francioso, A. Errtani, and S. Nardi (2015) Spontaneous
aggregation of Humic acid observed with AFM at
different pH. Chemosphere, v.138, pp.821-828.

Denre, M., G Ghanti,. and K. Sarkar (2014). Effect of Humic
acids application on accumulation of mineral nutrition
and pungency in garlic (Allium sativum L.).
Internaternational Journal of Biotechnology and
Molecular Biology Research, 5, 7-12.

EL-Sayed S. A. A, F. A. Hellal,and K. A. S. Mohamed (2014).
Effect of Humic acid and phosphate sources on nutrient
composition and yield of Radish grown in calcareous
soil. European International Journal of Science and
Technology. 3 (9).168-177.

Grattan, S. R. and C. M. Grieve (1999). Salinity mineral nutrient
relations in horticultural crops. Scientia Horticulturae,
78,127-157.

Khaled H., and H. A. Fawy (2011). Effect of different levels of
Humic acids on the nutrient content, plant growth, and
soil properties under conditions of salinity. Soil and
Water Research, 6: 21-29.

Marschner, H. (1995). Mineral Nutrition of Higher Plants.
Academic Press London.

Mertens, D. (2005a). Plants preparation of laboratuary sample.
AOAC official method 922.02. Official Methods of
Analysis, 18th ed. Maryland: North Frederick Avenue,
Gaitherburg.

Mertens, D. (2005b). Metal in plants and pet foods. AOAC
Official method 975.03. Official Methods of Analysis,
18th ed. Maryland: North Frederick Avenue,
Gaitherburg.

Montesano, F. and M. W. V. lersel (2007). Calcium can prevent
toxic effects of Na+ on tomato leaf photosynthesis but
does not restore growth. Journal of the American
Society for Horticultural Science, 132 (3): 310-318.

Munns, R., and M. Tester (2008). Mechanisms of salinity
tolerance. Annual Review of Plant Biology, 59 (1): 651
681.

Parihar, P., S. Singh, R. Singh, V. P. Singh, and S. M. Prasad
(2014). Effect of salinity stress on plants and its
tolerance strategies: a review. Environmental Science
and Pollution Research, 22 (6): 4056-4075.

Piccolo, A. (2002) The supramolecular structure of Humic
substances: a novel understanding of humus chemistry
and implications in soil science. Advances in Agronomy,
75,57-134.

Rasool, G., A. J. Wahla, M. Nawaz,and M. AbdurRehman
(2015). Determination and evaluation of the effect of
different doses of Humic acid on the growth and yield
of wheat (Triticum aestivum L.). Journal of Agriculture
and Veterinary Science. 8 (2): 5-7.

Sangeetha, M., P. Singaram,and R. D. Devi (2006). Effect of
lignite Humic acid and fertilizers on the yield of onion
and nutrient availability. Proceedings of 18th World
Congress of Soil Science July 9-15, Philadelphia,
Pennsylvania, USA.

Shen, J., S. Gagliardi, M. R. S. Mc Coustra, and V. Arrighi
(2016) Effect of Humic substances aggregation on the
determination of fluoride in water using an ion selective
electrode. Chemosphere, 159, 66-71.

Shrivastava, P., and R. Kumar (2015). Soil salinity: a serious
environmental issue and plant growth promoting
bacteria as one of the tools for its alleviation. Saudi
Journal of Biological Sciences, 22 (2): 123-131

Snedecor, G. W., W. G. Cochran (1981). Statistical methods.7th
Ed., low State Univ., Press, Am., USA.

Tagour, R. M. H., and I. S. M. Mosaad (2017). Effect of the
foliar enrichment and herbicides on maize and
associated weeds irrigated with drainage water. Annals
of Agricultural Sciences, 62 (2): 183-192.

Tan, K. H. (2003). Humic Matter in Soil and Environment,
Principles and Controversies. Marcel Dekker, Inc.,
Madison, New York.

Vance, C. P, C. Uhde-Stone, and D. L. Allan (2003).
Phosphorus acquisition and use: critical adaptations by
plants for securing a nonrenewable resource. New
Phytol, 157: 423-447.

Westerman, R. L. (1990). Soil testing and plant analysis, 3"
edn. Madison,WI, USA: SSSA.

Zhu, J. K. (2001). Plant Salt Tolerance. Trends Plant Science, 6:
66-71.

Zhu, J. K. (2003). Regulation of ion homeostasis under salt
stress. Current Opinion in Plant Biology, 6: 441-445.

LB paliad) (oany (abaiial g cilall Jgana Ao Srall (5 shon 8l) drandl) g Adal) 3 gall (s Jolil) S

Al da sla (e AdtiA il glasa il JUS Al (g S

zwﬁw\&ﬁxiw\g*zmwweﬁ\x) ‘luil.é Jana dakild clﬁluu.ikmu.‘jd\

- ,hl,,u.% ;\MQ ,;\Q\JJS\ ;\:\.‘S ,u.sbb;i\ euél

aa 12619 55 A 3 Eisand) S e il g olaall g gl Y1 Cigan dgae el At g ol ) A guad Cga anid

Gl L iy U ) 8 Aals ol Ll Wi langd UK L ¢ b e 50le 5 ) shad 5 el el ) 3l JSUaal ST (ge 80 5 e s slall

Cralia J geana 4y a3l QIS Al il Jie ¢ B 5l A gle Al e il (5 bl (san) 8 Jaalanall Aaidla o syl (o ool 3l Baliill saaadl) ol 52l 3
&JS.\:).\S\ALU))J#JJ;‘L;ma.d\_))L.ad\M;dhﬂ\dbd\;@)ﬂ\h)hub)muudchﬂ )ﬁ.\@\)ﬂuuh;uha)uu);\ AA.“.AS“M‘)J“‘;)AA”
u\a.“uu\‘;?whjﬂ\j)}u}ﬂ\}uhj)ﬂég\uawy\suhj\}c)u\uu\dwsuu‘tm)“_;c)&U\M\)Adj\;uadh‘s-ﬂa.‘w\smby\
QSS\UAL.‘MY\ JSAJ).\“}‘:J\ )&&A‘_AGJMU\;\AQAAJM\ J\}d\uu}u\ Lf AA)N\ uhwadh)@uhmbﬂ\uyjucm;u\@\.u.“gm.a}\
oA Al e (U559) Al 3 50 053 <) ln s <onim ) o s <y Lild < Lllill A V1 Al U1 gl o S o gl sl 5 gl 5 Cppm g sl
(53570?\;;“\;4:4_‘\@);&\&\34!\)43\_‘)@_&@ )&/J}Mﬁeﬁ7oe\m\ﬁwu‘uuhﬂ\e&@u\éc\ukc\)&/)}m}seas14()?\};4.;&\‘
&}Jﬂ\d&)ﬁ@m}d\MIwa&a/)}m,ﬂeﬁ140e\M|mJ\ Aunidiall As ol I3 A, 5 (B g all S il S i) dpanil) e JUS8 /) shis 8
u‘acdhl )Mb)ﬂ\})}&u}ﬂ\}w;}‘).uﬂ\ua\..a.m\é\.«;\}u\;.‘bc)u‘g_dﬂ‘djmécl&a‘}db.ﬂ\ A\}A\ ).EL et ch‘ﬁM‘u\.\M}é

mﬂ\u}haab)@dl&.u)dlculM@Auh&)}u)shM\,d\d\a\y&\?\m\gulwl

505



