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ABSTRACT

To study the effect of nitrogen fertilizer sources and foliar spray of organic acids on rice crop, In this regard, this
test was performed in 2010 and 2011 years at El- Gemmeiza Agricultural Research Sation, El-Gharbia
Governorate located at lat. 30.47, long 31.00 and 14.80 m above the mean sea; the used design was split plot
randomized complete block with 3replications. Main plots, two nitrogen fertilizer sources: anhydrous ammonia &
urea while subplots, were treated with foliar application of humic and / or fulvic acid resulting 4 treatments
including: controls (without foliar spray), humic, fulvic and humic +fulvic acids were considered.

Keywords: rice, humic and fulvic acids, ammonia, urea, qatie and quantitative yield

INTRODUCTION

Rice (Oryza sativa L.,) is considered one of thestmimportant summer crops in Egypt. The produgtivit rice is
affected by many factors such as seed germinaudiertilization, and quality of the fertilizer temlgues. Rice is
one of the most important cereal crops of the wagtdwn in wide range of climatic zones, to noutisé mankind.
Earlier studies reveal that judicious and proper offertilizers can markedly increase the yield amprove the
quality of rice [1].Panicles with a low percentagfesterile flowers permit the application of higlderses of nitrogen
and produce better yields [2]. Modern productiomi@dture requires efficient, sustainable, and emwmnentally
sound management practices. Nitrogen is normatigyafactor in achieving optimum lowland rice graields [3].
Nitrogen (N) is essential for rice, and usuallisithe most yield-limiting nutrient in irrigatedce production around
the world [4]. [5] and [6] concluded that in cerealop such as rice, N accumulation is associatdddry matter
production and yield of shoot and grain. The nignodertilizer rates were affected linearly the nembf grain per
panicle and the grain yield. The yields always éase with the addition of nitrogen fertilizer. Thisplies that
nitrogen is very important in the rice system [7].

The type of nitrogenous fertilizer may also afféa yield and quality of the grain [8]. Some ofdbdertilizers, are
anhydrous ammonia (82%N) and urea (46 %N).Anhyslmmmmonia (82%N) is a liquid under high pressur@® an
must be injected at least six inches deep into istrsoil because it becomes a gas once it is mdefiom the tank.
In soil, ammonia reacts with water to form the amimm (NH4") ion, which is held on clay and orgamatter.
Anhydrous ammonia is generally the cheapest soofré¢ however, the method of application is lesavamient
and requires more power to apply than most othridi or dry materials. Another form urea, are satsally
cheaper than others, and their use may be justiiiedconomic grounds provided they do not adveragbct the
yield or quality of the grain. [9] reported thatldam ammonium nitrate gave a greater yield and wawore
efficient nitrogen source than urea and the grasohtent was higher.
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Addition of humic and fulvic acids has numerousfiprand agriculturists all over the world are aciieg humic and
fulvic acids as a vital part of their fertilizerggram. It can be applied directly to the plantdgk in liquid form or
to the soil in the form of granules alone or asilfeer mix. Humic acid is one of the major compateof humus.
Humates are natural organic substances, high irichacid and containing most of known trace mineegsential
to the growth of plant life [10]. Humic substan@e an important soil component because they dotest stable
fraction of carbon and improve water holding capagdH buffering and thermal insulation [11]. Stesliof the
positive effects of humic substances on plant gndwetve demonstrated the importance of optimum rairspply,
independent of nutrition [12]. HA is a suspensibased on potassium-humates, which can be applmmbssfully
in many areas of plant production as a plant grostittnulant or soil conditioner for enhancing natuesistance
against plant diseases and pests [13 and 14], lstiow plant growth through increased cell divisi@s well as
optimized uptake of nutrients and water, moreokéy stimulated the soil microorganisms [15 and 16].

The present investigation was undertaken duringtimmer seasons of 2010 and 2011 to have a detaibadint of
the effect of two commercially-available nitrogesdN) fertilizers and foliar spray of humic andfalvic acids on
the yield, its components and nutritional statesicd grainand straw yield (Oryza sativa L.) aslvas nitrogen
fraction of drainage water at 60days from transjlgnand soil after harvesting.

MATERIALSAND METHODS

The present study was carried out during two swteesummer seasons of 2010 and 2011 at the exgrawhfarm
of Gemmeiza Agriculture Research Station (Middldt&eEgypt). The experimental site located at3&.47, long
31.00 and 14.80 m above the mean sea level, tatiga¢e the effect of nitrogen fertilizer sourcesneell as humic
and fulvic acids together or individually on somel¢g components, grain and straw yield as well r@sngquality
and nitrogen loss as nitrite and nitrate by leaghimrough drainage water at 60 days from transjpigniSome
physical and chemical properties were determinedraing to [17] and tabulated in Table (1a and b).

A split plot design with four replicates was useithviwo nitrogen sources i. e anhydrous ammonialagd as main
plots as well as humic and fulvic acids at rat&saf/L., individually or mixed and non addition gfray (control
treatment) served check which were allocated ataamin sub-plots.

Rice seedlings varieties, Giza 101, was sown dhat®l 1§' May at the first and second season, respectively a
transplanted after one month from growing seetiénnursery bed in the two seasons.

Table (1a) Some physical and chemical properties of the studied soils

seasons| pH | EC OM [ caCQ [ C. sandoi) F.sand] Silt [ Clay

2010 7.88] 7.75] 18]  3.44] 0.84] 2015 32]88 4613 yCla
2011 [ 7.95] 7.84 18§ 356 0.88] 211 346 4302  yCla

Soil texture

Table (1 b) Cations, anionsand nutrients concentration in a paste extract of the studied soil.

Ca | Mg[] Na] K[ cg[HCO [ c | sq N T P K
meq/L Avail. (ppm)

2010 | 2.85] 215 214 o055 o0.0o 168 4p5 1)80 39d.1e12 [ 375

2011 301] 205 234 041 o000 156 4ji2 2|15 39815 366

Seasons|

Plot size was 21 Af{5x4.2) and contained 20 rows 5 cm long and 15 partaPhosphorus and potassium fertilizers
were applied at rates of 15.0 kg2 and 24 kg KOs in the form of superphosphate (15.040F and potassium
sulphate (48% KO), respectively. Both phosphorus and potassiunewseded during soil tillage. While, nitrogen
fertilizer in the form of anhydrous ammonia withlfdose was injected in the soil before plantingub7 days.
While, the other one in the form of urea as welhasnic and fulvic acids were divided into equalitgpbrtion to be
added at basal dressing and at panicle initia@nafnd 35 days from transplanting, respectivelymiit and fulvic
acids were also added as a foliar spray on ricet@arates of 5 g / | (300 L/fed.) fed., = faddé200 nf. The
recommended dose of zinc fertilizer was applieducsery bed at a rate of 2kg zinc sulphate (Zp)&erate (two
kerate nursery transplanted on fed.). A Pisomegear established in each experimental plot for aadynitrite and
nitrate in the drainage water at 60 days from pkarging

At harvest time, the following parameters were rded: plant height (cm), numbers of tiller§/m 000-grain
weight, grain and straw yields. Grains and stramydas were taken and oven dried at@(crushed, digested and
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chemically analyzed to determine N, P and K% inimgraand straw, then calculate their contents. igérowas
determined using micro Kjeldahl, while phosphoraws determined colorimetrically using ammonium rbdigte
and ammonium metavanadate according to the proeenluttined by [17]. Potassium was determined usiveg
flame spectrophotometry method [18]. Nitrite andr&tie in rice grain and straw as well as drainageewsamples
after 60 days from transplanting, in addition tdrité, nitrate and ammonium of soil after harvegtiwere
determined according to the procedure outlinedlSy.[

The results were statistically analyzed using M stanputer package to calculate F ratio accordinfR0]. Least
significant difference method (L.S.D) was usediftedentiate means at the 0.05 level [21].

RESULTSAND DISCUSSION

Yield and some yield components of rice plant

Data presented in Table 2 reveal that the highigsifisant values of tillers No. /i 1000grains weight (g) and
straw yield (t/fed.,) were obtained when anhydramsnonia was applied in first season only. Meanwtiiie same
trend was observed on grain and straw yield ofpleat in second one. Conversely, the lowest sigait values of
such parameters were recorded by urea fertilizen fim both seasons. On the other hand, plant heigsn’t
affected by nitrogen form in both seasons, the saerel were obtained on grain yield in first seassnwell as
tillers No. /nf and1000 grains weight (g) in second one. The as®e of such parameters in response to application
of N fertilizers is probably due to enhancing a&hility of nitrogen which enhanced leaf area reésglin higher
photo assimilates and thereby resulted in morevdrter accumulation. These results are supportetiéfindings
of [22] who concluded that, the urea fertilizer gasignificant reductions in growth and yields in shof the
experiments compared with ammonium nitrogen fesgiliform. [23], concluded that the grain and stfwice
yield were increased significantly by adding nigadertilizer. Rice grain yield was increased digantly when N
fertilizer at 220 kg/ha was added, while the lowestie was recorded by control treatment (withaldition of N
fertilizer) [24]. Also, [25] found that the diffenees in the number of tillers among the differensdrces were
mainly due to their variations in the availabildf/N and other nutrients. Adequacy of nitrogen pital favored the
cellular activities during panicle formation andzdpment that led to increased number of tillalis'h

Regarding the effect of organic acids as foliamgpon rice yield and its components, results shiwat the foliar
application of humic and fulvic together increasggnificantly such parameters. Meanwhile, the fobaray of
humic acid alone gave the highest significant valagall parameters in second season only withigioifecant
differences between them. On the other hand, thedbones were recorded by control treatment (witfaiar any
organic acids) in both seasons. Plant growth isi@nfced indirectly and directly by humic and fuldaobstances.
The indirect effects, are those factors which ptevenergy for the beneficial organisms within tb#, snfluence
the soil's water holding capacity, influence thel'scstructure, release of plant nutrients fromtswinerals,
increased availability of trace minerals, and imayal improved soil fertility. The direct effectaciude those
changes in plant metabolism that occur following tiptake of organic macromolecules, such as huaiis aulvic
acids. Once these compounds enter plant cellsraeb®schemical changes occur in membranes anduwsri
cytoplasmic components of plant cells. Similar firgdwas achieved by [26] who reported that humid aontains
cytokinins and their application resulted in in@ieg endogenous cytokinin and auxin levels whicésgaly leading
to improve yield. This may explain the incrementhe filled grains weight/panicle and grain yieliserved in this
study. [27] found that the growth parameters, molpdical characteristics and chemical contentsfaiifa bean
plants records significant increases especiallyniA at 2000 ppm) was added.

Concerning the interaction effect between nitrofgtilizer sources and organic acids as foliar gpma rice yield
and its components, data presented in Table 2 Irévata the foliar application of humic + fulvic asixture with
anhydrous ammonia gave a highest significant watiell parameters in both seasons. Converselpadst cases,
the lowest ones were obtained by control treatraader tow forms of nitrogen fertilizer in both seas.
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Table 2 Effect of nitrogen fertilizer sourcesand foliar application of organic acidson yield and some yield components of rice plant

Plant

. 1000 Grain Straw Plant ; . Grain
height Tilers, grains yield vield height | hiers, | 1000 grains |y Straw
Treatments (cm) No. / weight(g) tfed. tfed. (cm) No. / weight(g) tied. yield t/fed
1% season 2" season
Nitrogen sources

Anhydrous ammonia (AA) 90.175 545.92 1 28.885 4 36 3.326* 96.025 570.50 29.815 3.928% 3.558]
Urea 88.425 535.083 26.393 3.377 3.057] 93.150 B650.0 28.173 3.655 3.235
LSD at 5% NS NS NS NS NS
Foliar spray of organic acids
Without foliar 85.95 501.5 25.62 3.052 2.756 9045 5153 27.06 3.451 3.005
Humic acid 91.45 552.5 28.58 3.825 3.426 96.40 577 29.34 3.963 3.536
Fulvic Acid 87.60 545.2 26.43 3.224 2.933 92.05 .858 28.55 3.624 3.263
Humic+ Fulvic 92.20 562.8 29.93 4.008 3.650 99.45 90.6 31.03 4.129 3.783
LSD at 5% 4.160 21.01 0.2639 0.1125 0.125 5.06% 5348 2.756 0.2484 0.3182
Interaction between nitrogen sources and foliaagpf organic acids
(AA) + Without 87.10 505.0 26.55 3.139 2.838 92.40 528.0 27.22 3.507 3.110
(AA) + Humic 92.30 558.3 29.97 3.981 3.600 98.00 879 30.41 4.148 3.752
(AA) + Fulvic 88.20 552.0 27.74 3.433 3.070 93.50 568.3 29.73 3.785 3.407
(AA) + Humic+Fulvic 93.10 568.3 31.28 4.156 3.795 100.2 598.7 31.90 4.273 3.965
Urea + Without 84.80 498.0 24.69 2.964 2.674 88.5 502.7 26.89 3.395 2.900
Urea + Humic 90.60 546.7 27.18 3.668 3.253 94.8 68.6 28.26 3.777 3.320
Urea + Fulvic 87.00 538.3 25.12 3.016 2.796 90.6 48.6 27.37 3.463 3.118
Urea + Humic+ Fulvic 91.30 557.3 28.58 3.860 3.508 98.70 581.3 30.17 3.985 3.600
LSD at 5% 5.883 29.72 0.3732 0.1591 0.1779 7.16 .6368 3.898 0.3513 0.4501

M acronutrients content of grain riceyield

Results illustrate in Table 3 for N, P and K comtehrice grain yield took the same manner of yielid its
components. The anhydrous ammonia increased signify values of N, P and K content of grain rioenpared to
urea fertilizer form in both seasons. It is welblkm that nitrogen fertilizers influence the contehphotosynthetic
pigments, the synthesis of the enzymes takingipahe carbon reduction, the formation of the meamlersystem of
chloroplasts, etc. Thus the increase in growthyaeldl owing to the application of N-fertilizers mag attributed to
the fact that these nutrients being important dtuesits of nucleotides, proteins, chlorophyll amaymes, involve
in various metabolic processes which have diregtaich on vegetative and reproductive phases of glartese
findings confirm those of [22] who concluded th#éte urea fertilizer gave the lowest grain N content
experiments. Thus in this series of experimenisa tnad little effect on the quality of the grainmlay be concluded
that nitrogen fertilizers, ammonium sulphate nératere found to be optimum for rice production.

Table 3 Effect of nitrogen fertilizer sourcesand foliar application of organic acidson N, P and K contentsof ricegrain yield

N content of grain P content of grain K content of grain N content of grain P content of grain K content of grain
Treatments (kg/fed.) (kg/fed.) (kg/fed.) (kg/fed.) (kg/fed.) (kg/fed.)
1% season 2" season
Nitrogen sources
Anhydrous ammonia (AA) 53.547 * 14.230 * 65.707 * 6.670 * 16.050 * 68.607 *
Urea 49.277 13.057 58.746 52.237 14.253 62.810
LSD at 5%
Foliar spray of organic acids
Without foliar 43.19 12.19 56.76 48.43 13.44 59.22
Humic acid 54.88 13.64 64.61 57.89 15.95 68.67
Fulvic Acid 50.18 12.54 58.36 52.19 14.27 62.12
Humic+ Fulvic 57.39 16.21 69.17 59.31 16.94 72.83
LSD at 5% 0.4210 0.3753 0.7116 0.3558 0.4724 1.525
Interaction between nitrogen sources and foliaagpf organic acids
(AA) + Without 44.64 12.91 58.13 49.13 14.00 60.83
(AA) + Humic 57.38 14.22 70.50 60.90 16.97 72.41
(AA) + Fulvic 53.22 13.08 61.92 55.15 15.50 65.50
(AA) + Humic+ Fulvic 58.95 16.71 72.28 61.50 17.73 75.69
Urea + Without 41.75 11.47 55.40 47.73 12.87 57.60
Urea + Humic 52.38 13.05 58.73 54.87 14.93 64.92
Urea + Fulvic 47.15 12.00 54.80 49.22 13.05 58.74
Urea + Humic+ Fulvic 55.83 15.71 66.05 57.13 16.16 69.98
LSD at 5% 0.5954 0.5307 1.006 0.5032 0.6680 2.157

For the foliar spray of organic acids on N, P andaftent of rice grain yield, The mixture of huraied fulvic acids
increased significantly values of N, P and K cohti#grain rice in both seasons. Vice versa, thveekt ones were
observed by control treatment (without foliar anggamic acids) in both seasons. Humic acid enhawedls
permeability, which in turn made for a more rapidrg of minerals into root cells and so resultedigher uptake
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of plant nutrients. This effect was associated wifith function of hydroxyls and carboxyls in thesempounds.

These results agrees with those obtained by [28)] edmcluded that the uptake of N, P and K by bdtstmw and
grain of wheat plant increased due to foliar agian of humic acid as compared to control treatm{2n]
indicated that the nitrogen, phosphorus and patassn wheat grain has been significantly increadeé to
application at 50ppm humic acid individually or doimed with 30ppmindolacitic acid.

With respect to the interacted factors under thislyon N, P and K content of rice grain yield, dethulated in
Table 3 show that when rice plants were foliar gpdaby mixture of humic and fulvic acids undee tpplied
anhydrous ammonia fertilizer, the values of Nyr@l K content of rice grain yield were increasaphigicantly in
both seasons. On the other hand, the lowest signifiones were obtained by control treatment wida dertilizer

form in both ones. Also, sole foliar spray of fuacids under urea gave the lowest significantaslof P and K

content in both seasons.

M acronutrients content of straw riceyield

Results in Table 4reveal that the same trend ofPNand K content of strawrice yield were obtainedmfo

macronutrients content of straw yield. The highgghificantly values of N, P and K content of graioe were
recorded by anhydrous ammonia compared with undiéiZier form in both seasons. These findings confthose
of obtained by [22] who suggested that, nitrogenteot in plant is markedly influenced by the apgion of
different N fertilizers. The higher N content ofregen treated plants could be connected with tsitipe affect of
nitrogen in some important physiological proces3dwse differences were statistically significaBignificantly
lowest N content was obtained from the plots wheea was added.

Table 4 Effect of nitrogen fertilizer sourcesand foliar application of organic acidson N, P and K contents of ricestraw yield

N content of straw P content of straw | K content of straw N content of straw P content of straw [ K content of straw
Treatments (kgl/fed.) (kg/fed.) (kg/fed.) (kg/fed.) (kg/fed.) (kg/fed.)
1% season 2™ season
Nitrogen sources

Anhydrous ammonia (AA) 25.855* 8.088 * 30.982* 2580* 9.087 * 32.285*
Urea 24.160 7.548 29.080 25.782 8.155 29.240
LSD at 5%
Foliar spray of organic acids
Without foliar 21.05 6.372 26.53 22.98 7.565 27.35
Humic acid 26.63 8.115 30.34 27.63 8.890 31.88
Fulvic Acid 23.38 7.295 28.51 24.74 8.210 29.35
Humic+ Fulvic 28.98 9.490 34.74 30.35 9.818 34.48
LSD at 5% 0.5597 0.3182 0.5247 0.3304 0.2950 0.4968
Interaction between nitrogen sources and foliaagpf organic acids
(AA) + Without 21.90 6.680F 27.45 23.18 7.850 2.3
(AA) + Humic 27.42 8.330 31.28 28.64 9.420 33.87
(AA) + Fulvic 24.10 7.510 29.63 24.57 8.570 30.53
(AA) + Humic+ Fulvic 30.00 9.830 35.57 31.84 10.51 36.41
Urea + Without 20.20 6.063 25.62 22.77 7.280 26.36
Urea + Humic 25.83 7.900 29.40 26.61 8.360 29.88
Urea + Fulvic 22.66 7.080 27.38 24.90 7.850 28.17
Urea + Humic+ Fulvic 27.95 9.150 33.92 28.85B 9.130 32.55
LSD at 5% 0.7916 0.4501 0.7421 0.4673 0.4172 0.7026

Data presented in Table 4 show the responses aicthieved of N, P and K content of straw rice yi@dnfluenced
by the addition of foliar application of organicids. As a general pattern, significant differengesre clearer
amonghumic, fulvic and humic+fulvic treatments omparison with control one. The pronounced increasehe
N, P and K content of straw rice yield were recdradnen mixture of humic + fulvic were practicedtekhatively,
the lowest ones were obtained by control one thrdhg two growing seasons. The stimulatory effe¢teumic
and fulvic substances have been directly correlatdd enhanced uptake of macronutrients, such asgan,
phosphorus, potassium and micronutrients. Humicstamices enhance the uptake of minerals through
stimulation of microbiological activity [30] Humisubstances actually coat mineral surfaces with mlmnane-like
bi-layer, which aids in the solubilization of othése insoluble compounds [31] by dissolving, comjig and
chelating the dissolved nutrients.

As a general view, data in Table 4indicate thatttbatments of mixture organic acids and anhydesusionia was
superior significantly compared to other treatmemith regard to N, P and K content of straw in bgtiowing
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seasons. On the other hand, the lowest ones weoedezl when control (without foliar spray organ@ids) was
practiced. The surpass of such treatments wasrowedi generally, with the most above mentioned tesul

NO, and NO; content of grain and straw riceyield

Data in Table 5 reveal obviously that the highe&, ldnd NQ content of grain were achieved with the treatnoént
anhydrous ammonia in both seasons. Also, i NQof straw were increased significantly in first seasnly.
Meanwhile, urea fertilizer decreased significaMi®, and NQ of grain and straw rice in both seasons. On therot
hand, NQand NQ of grain weren't affected significantly by additiof nitrogen fertilizer sources in second one.

Table 5 Effect of nitrogen fertilizer sour cesand foliar application of organic acids on NO, and NO3 contents of rice grain and straw yield

NO, in straw | NO; in straw [ NO, in grain ‘ NO;z in grain | NO2 in straw | NO3 in straw | NO2 in grain ‘ NO3 in grain
Treatments (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
15" season 2P season

Nitrogen sources
Anhydrous ammonia (AA) 5.007 * 6.288 * 2.317 * 329 5.465 * 7.318* 2.759 3.700
Urea 4.444 5.575 1.885 2.610 4.732 6.322 2.463 23.31
LSD at 5% NS NS
Foliar spray of organic acids
Without foliar 3.910 5.075 1.800 2.755 4.390 6.005 2.175 3.050
Humic acid 5.133 6.330 2.265 3.095 5.485 7.205 2.76 3.585
Fulvic Acid 4.170 5.630 1.735 2.465 4.560 6.505 02.5 3.275
Humic+ Fulvic 5.690 6.690 2.605 3.500 5.960 7.565 .003 4.115
LSD at 5% 0.388 0.417 0.434 0.419 0.432 0.360 0.339 0.5819
Interaction between nitrogen sources and foliaagpf organic acids
(AA) + Without 4.050 5.480 1.920 3.050 4.630 6.480 2.370 3.250
(AA) + Humic 5.380 6.730 2.550 3.410 5.920 7.710 .91P 3.820
(AA) + Fulvic 4.270 5.980 1.920 2.780 4.790 7.100 2.600 3.400
(AA) + Humic+ Fulvic 6.330 6.960 2.880 3.950 6.520 7.980 3.157 4.330
Urea + Without 3.770 4.670 1.680 2.460 4.150 5.530 1.980 2.850
Urea + Humic 4.887 5.930 1.980 2.780 5.050 6.700 .62 3.350
Urea + Fulvic 4.070 5.280 1.550 2.150 4.330 5.910 402 3.150
Urea + Humic+ Fulvic 5.050 6.420 2.330 3.050 5.400 7.150 2.850 3.900
LSD at 5% 0.5483 0.5900 0.6137 0.5927 0.611 0.5094 0.4807 0.8230

Regarding the foliar spray of organic acids on,N@d NQ content of grain and straw rice, data in Tabld&ws
that the treatment of humic and fulvic acids astarix gave the highest significant values of allapaeters in both
seasons. The same trend of Nf®straw as well as NOand NQ of grain was observed with foliar application of
humic acid alone in both seasons. Oppositely, dines$t significant values of NCand NQ content of grain and
straw were recorded by control treatment or / aid application of fulvic acid as a foliar in alhfameters except
NO; of straw in both seasons.In this connection, f82hd that foliar spray of humic acid gave sigrafitly higher
values of NQin grain compared to no addition of any organimpounds.

With respect to the interacted factors under stryNO, and NQ content of grain and straw, results in Table 5
reveal that the highest significant values of ;Nebid NQ of two parts of rice yield were achieved with &oli
application of humic and fulvic together with anhyds ammonia in both seasons. On the other haedpttest
significant ones were obtained by control treatnvettt urea fertilizer in both seasons.

NO, and NO; of drainagewater aswell as NO,, NO; and NH40f soil after harvesting

Data available in Table 6 show that the highestifigant mean values of NCand NQ in drainage water were
obtained when urea fertilizer was applied compapeathhydrous ammonia form in both seasons. ViceayédH, of

soil after harvesting was increased significanttyaldding anhydrous ammonia form compared with imelaoth
seasons. Also, NOf soil after harvesting was increased significarity adding anhydrous ammonia form
compared with urea one if'%season only. On the other hand, N soil wasn't affected by adding nitrogen
fertilizer sources in*Lone.In this connection, [33 and 34] stated thatsrobic condition, Nif may be transformed

to nitrate (NQ") via nitrification . Since groundwater is an inugsisable water resource for human consumption
particularly in emerging countries and the fact thitimately pollutants in the drainage water Vol discharged into

the river or streams which is also a source ofkiinigy water, most authors referred to the drinkiregev standard
guidelines as a baseline to assess the contamiriatiel.
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Table 6 Effect of nitrogen fertilizer sourcesand foliar application of organic acidson NO, and NO; contents of drainage water aswell as
NO,, NO3; and NHcontents(ppm) of soil after harvestingrice

NO; in NO;z in NO; in NO;z in NH, in NO, in NO;z in NO; in NO; in NH4 in
Treatments drainage drainage soil | soil ‘ soil drainage drainage L soil ‘ soil | soil
1 season 2" season
Nitrogen sources

Anhydrous ammonia (AA) 5.748 8.100 3.050] 5.69 5@1 6.740 8.872 2.745 5.340* 13.6471
Urea 6.838* 8.721* 2.728 5.282 13.258 7.255* 9477 2.443 4.838 12.708
LSD at 5% NS NS NS
Foliar spray of organic acids
Without foliar 6.850 9.550 3.095 5.840 15.52 7.600 10.32 2.795 5.385 14.48
Humic acid 6.210 8.142 2.815 5.485 12.98 6.925 8.80 2.520 4.935 12.66
Fulvic Acid 6.535 8.675 2.985 5.665 13.84 7.290 69.3 2.695 5.325 13.35
Humic+ Fulvic 5.575 7.275 2.660 4.965 12.48 6.175 .208 2.365 4.710 12.22
LSD at 5% 0.466 0.382 NS 0.403 0.55(0 0.448 0.477 428. 0.398 0.443
Interaction between nitrogen sources and foliaagpf organic acids
(AA) + Without 6.120 8.950 3.250 6.100 15.95 7.300 9.780 2.930 5.840 14.97
(AA) + Humic 5.700 8.000 2.980 5.650 13.70 6.730 .558 2.660 5.100 13.22
(AA) + Fulvic 5.920 8.350 3.100 5.880 14.10 7.000 9.100 2.890 5.550 13.87
(AA) + Humic+ Fulvic 5.250 7.100 2.870 5.150 12.89 5.930 8.060 2.500 4.870 12.53
Urea + Without 7.580 10.15 2.940 5.580 15.1 7.900 10.86 2.660 4.930 14.00
Urea + Humic 6.720 8.283 2.650 5.320 12.2 7.120 .06 2.380 4.770 12.10
Urea + Fulvic 7.150 9.000 2.870 5.450 13.54 7.580 .63@ 2.500 5.100 12.83
Urea + Humic+ Fulvic 5.900 7.450 2.450 4.78( 1210  6.420 8.350 2.230 4.550 11.90
LSD at 5% 0.6585 0.540 0.6365] 0.571] 0.77 0.634 79.6 0.606 0.563 0.626

With regard to the effect of organic acids as folpplication on nitrogen fraction of drainage wedad soil after
harvesting rice, results obviously show that thete®d treatment increased significantly the valugssuch
parameters in both seasons. On the other handathe parameters were decreased significantly biyngaixture
application of humic and fulvic acids in both ondKD, of soil wasn’t affected by adding organic acidsfagr
application in Iseason only. The concentrations of inorganic Nhim $oil solutions throughout the vertical soil
profile were mainly subjugated by NHion rather than N@because the source of N fertilizer was ammonium
chloride. Significant increase in N® in the soil solution was observed at 60 days after harvesting. This
implied that nitrification was relatively slow ime soil during the monsoon period. This might hgkatted to the

high NH, concentration which inhibits the activity of niteis in the soils and the low soil organic mattdriah
reduces the population of nitrifies [35].

Concerning the effect of interacted factors undeestigation on nitrogen fraction of drainage wated soil after
harvesting rice, in most cases, data in Table @akethat the highest significant values of mostapwters were
obtained by humic and fulvic acids as foliar spnath either nitrogen fertilizer sources in both se@s. Meanwhile,

the lowest ones were recorded when control treatifveithout foliar spray any organic acids) undeotapplied
nitrogen fertilizer forms in both seasons.

Economic evaluation

Anhydrous ammonia increased all economic criteniaboth 2010 and 2011 seasons (Table 7). The average
increasing percentage in gross income, net incdreeefit / costs ratio and profitability in thesfirand second
seasons due to using anhydrous ammonia were 81523,211.46 and 24.70 % ,respectively, as compattd

applying urea solid nitrogen fertilizer as cheakatment. The same trend were obtained by [22] whad that the
highest benefit of the rice crop was recorded wBeper Net or ammonium sulphate nitrate were appfiediever,

the minimum value for benefit cost ratio was obgalifirom the plots where urea was added.

Data presented in Table 7 reveal that the applhingic and fulvic acids together realized the hgjtererage of
the two seasons for gross income, net income, lmosts ratio of and profitability by 26.26, 58,545.56 and
57.82, respectively compared to without foliar &ggion of any organic acids.

With regard to the interacted factors under thiglgton economic criteria of rice production, appyianhydrous
ammonia with foliar application of humic and fuhécids as mixture increased all average econoniterieri.e.,
ross income, net income, benefit/costs ratio of mditability by 34.49, 85.19, 38.15 and 89.98 &tnpared with
control treatment (without foliar spray) under urfeatilizer in both seasons. Therefore, these tneats are

considered the most profitable to be used in thidysto nitrogen fertilizer sources and foliar spod organic acids
under conditions of this experiment.
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Table 7 Effect of nitrogen fertilizer sourcesand foliar application of organic acids on the economics of rice cultivation

Soil . Trans A fertilizer . Total Gross income(L.E Net income (L. E Benefit / Costs rat Profitability %

Treatments rent | PIOWING | ianting | 'Moation | H | F g | Weeds | Hawesting o o opic | 2011 | Mear | 20ic | 2011 | Mear | 20iC | 2011 | Mear | 20iC | 2011 | Mear
Anhydrous ammonia (AL | 150¢ | 25¢ 100 200 T1 | 11 | 27¢ [ 18C | 23¢ | 30¢ 75¢ 290t | 1016 | 1086: | 10511 | 525t | 595/ | 560t | 2.07 | 221 | 2.1 | 107.0. | 1213, | 114.1¢
Uree 150 | 25¢C 100¢ 200 11 | 11 | 42t | 18C | 23 | 30c 75¢ 505: | 933¢ | 1003¢ | 968t | 427¢ | 498 | 4631 | 1.8t | 1.0¢ | 1.0 | 84.6: | 985: | 9L5:
Without foliat 500 | 25¢C 100 200 0 | 0 [ 351 [ 18c | 23c | 30c 75¢ 7961 | 843 | 943 | 893: | 3471 | 447: | 3972 | L7c | ToC | L18C | 69.97 | 90.¢ | 80.0¢
Humic acic 150 | 25¢C 100¢ 200 22 | 0 | 351 | 18C | 23C | 30C 75¢ 298: | 1054 | 1091C | 1072¢ | 565¢ | 5926 | 574 | 2.4z | 2.4¢ | 2.4t | 110.5( | 118.0¢ | 115.2¢
Fulvic Acid 150 | 25¢C 100¢ 200 0 | 22 | 351 | 18C | 23 | 30c 75¢ 298: | 892 | 1000: | 946€ | 394 | 5021 | 4487 | L.7¢ | 2.01 | 1.9C | 79.1f | 100.7¢ | 89.9¢
Humic+ Fulvic 1500 | 25¢C 100 200 11 | 11 [ 351 [ 18C | 23 | 30C 75¢ 298: | 11107 | 1145¢ | 1127¢ | 611t | 6472 | 629¢ | 2.2¢ | 2.3C | 2.2¢ | 122.7¢ | 129.9. | 126.3¢
(AA) + Without 1500 | 25¢C 100 200 0 | 0 | 27¢ | 18 | 23 | 30c 75¢ 788¢ | 867 | 963t | 9157 | 378¢ | 4751 | 427¢ | L7e | 197 | 187 | 77.5¢ | 97.2¢ | 87.3¢
(AA) + Humic 1500 | 25¢C 100¢ 200 22 | 0 | 27¢ [ 18C | 23C | _30C 75C 2908 | 1100: | 1146% | 1123¢ | 609t | 6557 | 632¢ | 2.4 | 2.3/ | 2.2¢ | 124.1¢ | 133.6( | 128.8¢
(AA) + Fulvic 150 | 25¢C 100¢ 200 0 | 22 | 27¢ | 1sC | 23 | 30c 75¢ 290t | 945 | 10447 | 995; | 454 | 553¢ | 504 | 1.9¢ | 21: | 2.0 | 92.6¢ | 112.8¢ | 102.7%
(AA) + Humic+ Fulic 1500 | 25¢C 100¢ 200 11 | 11 | 27¢ | 18C | 23 | 30c 75¢ 290¢ | 1152( | 11901 | 11711 | 6611 | 699: | 680z | 2.3t | 247 | 2.3¢ | 134.7 | 142.4¢ | 138.5¢
Urea + Withou 1500 | 25¢C 100¢ 200 0 | 0 | 42t | 18c | 23c | 30¢ 75C 503t | 8186+ | 923C | 870t | 3151 | 410t | 367% | 1.6¢ | 182 | L7¢ | 62.5¢ | 833: | 72.9¢
Urea + Humi 150 | 25 100¢ 200 22 | 0 | 42¢ | 18C | 23C | 30C 75¢ 505: | 10080. | 1035: | 10217 | 5023. | 529¢ | 516C | 1.9 | 2.0t | 2.0z | 99.3: | 104.7 | 102.0
Urea 1Fulvic 150 | 25¢C 100¢ 200 0 | 22 | 42t | 1sC | 23c | 30c 75¢ 5057 | 8397. | 955¢ | 897¢ | 3340. | 450 | 3921 | 1.6€ | 1.8¢ | L.7¢ | 66.0 | 89.0: | 77.5¢
Urea + Humic+ Fuli 1500 | 25¢C 100¢ 200 11 | 11 | 42t | 18C | 23c | 30¢ 75C 5057 | 10681 | 11011 | 1084¢ | 5624 | 595/ | 578¢ | 2.11 | 2.1¢ | 2.7 | 1112 | 117.7¢ | 114.4¢
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From the above mentioned results, we can concloaethe anhydrous ammonia with foliar applicatidrhomic
and fulvic acids together improve rice productiyiqyality, nitrogen fraction of drainage water edwgth period and
soil after harvesting as well as economic criterider the same conditions of this study.

CONCLUSION

1-Anhydrous ammonia achieved significantly increasétillers No. /M, 1000 grains weight (g) and straw yield
(t/fed.,) in first season only.The same trend waseoved on grain and straw yield of rice planténand one. N, p
& K content of grain and straw as well as Nahd NQ of grain and straw were increased significantlyaolging
anhydrous ammonia. While, the lowest significantuga of such parameters were recorded by ureageitro
fertilizer in both growing seasons.

2-In most cases, foliar application of humic antiifuacids together led to significant increasesplaint height,
tillers No. /nf, 1000 grains weight (g), grain, straw rice yieltlaN, p & K content of grain and straw as well as
NO, and NQ of grain and straw, whereas, the lowest significames were obtained when control treatment
(without foliar application of organic acids) inthcseasons.

3-On the whole, the highest significant values lafp height, tillers No. /f 1000 grains weight (g), grain, straw
rice yield and N, p & K content of grain and stra& well as N@and NQ of grain and straw were obtained by
foliar application of humic and fulvic acids togethunder anhydrous ammonia fertilizer form. Whilee lowest
ones were recorded with control (without foliar Bgpgtion of organic acids) under urea fertilizebioth seasons .
4-The highest significant values of Bl@nd NQ in drainage waterat 60 days from transplantingenabstained
when urea fertilizer was applied compared to antiysrammonia form in both seasons. Vice versa, diHsoil
after harvesting was increased significantly byiagdanhydrous ammonia form compared with urea ith bo
seasons. In most cases, the same parameters weeased significantly by foliar spray of both argaacids
together, but the lowest ones were achieved byrab(without foliar application of organic acid) ipoth season.
On the other hand, such parameters were significartreased by without foliar application of orgamcid with
both sources of nitrogen fertilizer. The lowestomere observed by foliar spray of humic and fuhdids together
with both nitrogen sources in two seasons.

5-Anhydrous ammonia increased gross income, netnie¢ benefit / costs ratio and profitability, Theerage
increasing percentage were 8.52, 21.03, 11.46 andD26 ,respectively, as compared with applyingaureboth
seasons . humic and fulvic acids together realizechighest average of such parameters by 26.261535.56 and
57.82, respectively compared to without foliar &gion of any organic acids in two seasons. Anaydrammonia
with foliar application of humic and fulvic acids anixture increased same parameters by 34.49, 838195 and
89.98 % compared with control treatment (withouiafospray) under urea fertilizer.
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