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WO field experiments were conducted at Sakha Agricultural Research Station, Kafr El-

Sheikh Governorate, Egypt, during two successive seasons (2017/18 and 2018/19) to study
the effect of fulvic acid and nitrification inhibitor on NO, leaching and wheat productivity. The
split plot design with three replicates was used with three doses of fulvic acid (i.e., 0, 4.76
and 9.52 kg ha™'), whereas the main plots represented bynitrogen fertilizerswith and without
nitrification inhibitor at rate of 90, 135 and 180 kg N ha™! in sub-plots. Nitrification inhibitor
3, 4-dimethylpyrazole phosphate (DMPP) was applied at rate of 8%. Results indicated that the
highest mean values of soil salinity (EC), OM and available NPK were obtained from soil in
plots received 180 kg N ha™! with DMPP + 9.52 kg fulvic acid ha™'. The highest mean values of
plant height (110.34 and 111.42 cm), 1000-grain weight (55.60 and 61.00 g), grain yield (7.62
and 7.95Mg ha™'); straw yield (13.64 and 14.02Mg ha'); N concentration in grain and straw
(2.09 and 0.84 %, respectively),N content of grain (152.97 and 149.56 kg N ha'); N content of
straw (99.51 and 95.58 kg N ha') and total N uptake by wheat (252.49 and 245.14 kg N ha')
were recorded by 180 kg N ha' combined with 8% DMPP + 9.52 kg fulvic acid ha in first
and second seasons, respectively. Meanwhile, the lowest leaching values in both seasons were
achieved in plots received 90 kg N ha'combined with 8% DMPP + 9.52 kg fulvic acid ha’
after 4" irrigation. Based on the results of the current study, the combinations of fulvic acid and
nitrogen fertilizer with DMPP can be considered as integrated nutrient management to improve
the soil fertility and wheat productivity and save the environment from pollution.
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Introduction

Wheat (Triticumae stivum L.) is considered one
of the most important cereal crops in the world
and Egypt (El-Akhdar et al., 2019). Egypt’s wheat
production in marketing in 2018/19 was 8.45
million metric tons where the consumption was
20.1 million metric tons, so we need to increase
its productivity (USDA, 2018).

Egypt lies in arid and semiarid regions
which and the soils are characterized with low
organic matter, high pH and high CaCO, content
(Malakouti, 2008), under such conditions, soil
application of the chemical nutrients are very
expensive. In addition, there are several common

problems related to the stressed environments.
These stresses include decline of soil fertility,
salt-affected soils, soil pollution, over-population
growth, urban sprawl, land degradation,
deterioration of natural resources, etc. (Alshaal
and El-Ramady, 2017 and El-Ramady et al.,
2019).

Nitrogen is one of the most important
elements for plant nutrition and it is necessary
for good wheat grain yield and quality. It is also
one of the most mobile plant nutrients in the soil.
Therefore, it is important to evaluate the use of the
proper nitrogen rates as well as its leaching from
the soil (Huang et al., 2018). In general, about
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50-70 % of the applied conventional chemical
fertilizers get lost in in due to many environmental
processes such as runoff, leaching, emissions and
volatilization. Therefore, new alternatives should
be used for eco-friendly, economic and organic
or sustainable agriculture such as organic-, bio-
and nano-fertilizers as well as slow or controlled
release fertilizers (El-Ramady et al., 2018 and El-
Nagma et al., 2019).

Fulvic acid is a mixture of carboxylic acids,
phenolic-OH and enolic groups produced by the
biodegradation of organic matter. Fulvic acids are
humic acids with higher oxygen content and lower
molecular weight (Bulgari et al., 2015), which can
dissociate to develop negative charges (Plaza et
al., 20006). Fulvic acid as an organic fertilizer is
a non-toxic chelating compound that stimulates
plant productivity and contributes towards cation
exchange capacity of the soil (Malan, 2015 and
Yang et al., 2013) demonstrated that fulvic acid
is an optimum choice for the improvement of P
availability and soil physicochemical conditions.
Rasool et al. (2015) recommended that the
application of humic acid increased wheat yield
and yield components. Attia and Abd El Salam
(2016) reported that high yield of wheat and
preserve the environment by decreasing pollution,
in addition to improvement of soil fertility and
water holding capacity were obtained with the
application of organic fertilizers and humic acid.

Nitrification is a microbial process that
converts ammonia (NH,) to nitrate (NO,) via
nitrite (NO,) and significantly influences N
availability for a plant, NO, leaching, and N,O
emissions (Purkhold et al., 2000 and Strauss et
al., 2014). Many new management practices and
technologies can promote N use efficiency and
alleviate environmental pollution, one of them,
the application of fulvic acid and nitrification
inhibitors (NI). The 3,4dymethylpyrazole
phosphate (DMPP) was marketed in 1999 as
one of the most effective NI (Zerulla et al. 2001
and Rowling et al., 2016) and has become very
popular NI, particularly when added to ammonium
sulfate nitrate (ASN), ammonium sulfate or urea
(Trenkel, 2010). Several studies showed that the
use of DMPP is a powerful tool that can be used
to promote N use efficiency and reduce N losses
from agricultural systems by slowing nitrification
(Weiske et al., 2001; Diez-Lopez et al., 2008; Li
et al., 2008 & 2009; Di and Cameron, 2011; Liu
et al. 2013; Shi et al., 2016 and Yin et al., 2017).
In addition, DMPP has been demonstrated to be
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effective in increasing crop yields and quality
(Pasda et al., 2001; Fangueiro et al., 2009; Xuet
al., 2014 and Abalos et al., 2014). Therefore,
the aim of this investigation was to study the
effect of fulvic acid and nitrification inhibitor on
NO, losses, fertilizer use efficiencies and wheat
productivity.

Materials and Methods

Description of the study site

Two field experiments were conducted at
Sakha Agriculture Research Station, Kafr El-
Sheikh Governorate, Egypt, during two successive
seasons (2017/18 and 2018/19) to study the effect
of fulvic acid and nitrification inhibitor on NO,
losses, and yield and chemical constituents of
wheat.

Treatments and experimental design

The experimental field was prepared and then
divided into 36 plots (5 m x 6 m for each). A split
plot design with three replicates were used with
three fulvic acid applied (i.e 0, 4.76 and 9.52 kg
ha') as main plots as well as nitrogen fertilizers
as ammonium sulphate (21% N)(with or without
nitrification inhibitor) at rate of 90, 135 and 180
kg N ha'!, in sub-plots. Nitrification inhibitor
3, 4-dimethylpyrazole phosphate (DMPP) (EC
1.7 dS m! and pH 4.4) was applied at 8%. The
treatments could be described as follows:

T, 180 kg N ha'!
T 180 kg N ha'! with 4.76 kg fulvic acid ha'!

T 180 kg N ha! with 9.52 kg fulvic acid ha’!

T 90 kg N ha'! with nitrification inhibitor (NI)
90 kg N ha'! with NI +4.76 kg fulvic acid ha™!
90 kg N ha'! with NI +9.52 kg fulvic acid ha!
T 135 kg N ha'! with nitrification inhibitor (NT)

135 kg N ha'! with NI + 4.76 kg fulvic acid
8 ha—l

135 kg N ha! with NI + 9.52 kg fulvic acid

9 ha-l

T 180 kg N ha'! with nitrification inhibitor (NT)
180 kg N ha'! with NI + 4.76 kg fulvic acid
11 ha—l

180 kg N ha! with NI + 9.52 kg fulvic acid
2 ha'l
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Cultural practices

Wheat (cv. Masr 1) was sown at the rate of
144 kg ha' on Nov. 28% 2017 and harvested
after full maturity on April, 20", 2018 in the 1%
season. While in the 2™ season it was sown on
Nov., 19% 2018 and harvested on April, 11%,
2019. Phosphorus applied with field preparation
as a super monophosphate (18% P,0,) with a rate
of 74.4 kg ha'!; also, 120 kg ha! potassium sulfate
(48% K,0) applied twice, with the first irrigation
and before tillering stage. Other agricultural
practices performed according to the Ministry of
Agriculture recommendation for wheat plants in
the North Delta Area.

Soil analyses

Soil samples were collected before planting
and after harvesting from the surface layer (0-30
cm) in each plot. Samples were analyzed for their
physical and chemical properties according to the
standard methods outlined by Page et al. (1982)
and Klute (1986). The physical and chemical
characteristics of the tested soil are shown in
Table 2).

TABLE 1. Some chemical composition of fulvic acid

Estimating the leaching of NO, in drainage water

One observation well was established in each
experimental plot to record the leaching of the
nitrate ions in the drainage water after the 2, 3+
and 4" irrigationsat the end of growing seasons.
Nitrate using Kjeldahl method according to
Cottenie et al. (1982).

Data collected

At the maturity stage, all wheat plants in one-
meter square from each treatment were taken for
plant characteristics. Plant biomass was measured
as grain yield (Mg ha'), straw yield (Mg ha),
plant height (cm) and 1000-grain weight (g).
Straw and grain samples of each treatment were
oven dried at 70 °C then digested with (H,SO,+
H,0,) as described by Wolf (1982). Total N, P
and K content was determined according to the
methods described by Page et al. (1982), while
K content was measured using flame photometer
(Cottenie et al. 1982). Nutrients N, P and K
content of grains and straw were determined by
multiplying nutrient concentrations by dry yield
biomass per plant and expressed as Kg ha™.

Total macronutrients (%)

Total micronutrients (ugg™)

EC - oM
(dS m") (gkg") N p K Fe Mn Zn Cu
1.94 6.88 10.8 2.15 25 4.00 418 260 219 2196

TABLE 2. Some physical and chemical analysis of soil in the two experimental fields

Soil characteristics First season Second season

Particle size distribution 201718 2018/19
Clay (%) 50.09 50.12
Silt (%) 31.41 31.42
Sand (%) 18.50 18.46
Texture class clayey clayey
Organic matter (g kg™') 11.6 12.5
CaCo, (g kg") 24.6 242
ECe (dS m™) 2.90 2.77
pH [in soil suspension, 1:2.5] 8.30 8.29
Available N (mg kg™) 22.56 22.69
Available P (mg kg™) 6.33 6.90
Available K (mg kg™) 270.69 275.89

Env. Biodiv. Soil Security Vol. 3 (2019)



244 MOHAMED SAMI ELSAKA et al.

The following parameters were calculated
Partial factor productivity (PP) by the equation
described by Dobermann (2005)

PP=Y/N,gg'

Nutrient (nitrogen or  phosphorus)
accumulation efficiency (NAE) and Yield nutrient
(nitrogen or phosphorus) concentration (CN)
according to Weih et al. (2011)

NAE=N /N g g!

CN=Ny/Y,gg‘1
Where:
Y : harvested yield (kg ha™").
N,: N amount fertilized (kg ha™").
N _: N amount in perennial plant parts (e.g. seed in
cereals) (kg ha™').
N, : N amount in the harvested yield (kg ha™').

Statistical analysis

All data of the two growing seasons were
subjected to the statistical analysis according to
the methods described by Snedecor and Cochran
(1980) using the CoStat package program.
The differences among the means of different
treatments were tested using the Least Significant
Differences (LSD) at the probability of 5%.

Results and Discussion

Soil characteristics

Results indicated that the application of
fulvic acid, nitrogen fertilizers (with or without
nitrification inhibitor) individually or combined
showed a pronounced enhancement of some soil
characteristics.

Soil salinity, OM and available NPK after wheat
harvesting

The addition of fulvic acid and nitrogen
fertilizers (with or without nitrification inhibitor)
individually or combined increased EC, OM,
available N, P and Kafter wheat harvesting in both
seasons (Fig. 1-5).

Data in Fig. 1-5 showed the addition of fulvic
acid increased EC, OM, available N, P and K
compared with the untreated soil (without fulvic
acid addition). Meanwhile, application of 9.52
kg fulvic acid ha! increased mean values of EC,
OM, available N, P and K from (3.11 dS m’,
1.30 %, 37.33 mg kg'!, 7.50 mg kg and 299.53
mg kg, respectively) with the untreated soil
(without fulvic acid addition) to (3.22 dS m,
1.37 %, 39.48 mg kg'!, 7.88 mg kg'and 315.05
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mg kg, respectively) when soil received 9.52
kg fulvic acid ha'. The increment of EC, OM,
available N, P and K in the treatment which
resaved organic acid compared to urea alone may
be due to the composition of organic acid and
the combination of urea with humic acid which
significantly reduced urea hydrolysis (Nasima et
al., 2010). These results are confirmed with those
obtained by Abd El-Kader (2016) who reported
that the application of mineral N with fulvic acid
increased the soil OM, ECe and available NPK
over that with mineral N alone.

Addition of nitrification inhibitor (DMPP
8%) with nitrogen fertilizers increased EC, OM,
available N, P and K from (2.84 dS m!, 1.32 %,
23.93 mg kg, 7.17 mg kg' and 287.50 mg kg,
respectively) with the nitrogen fertilizers alone
(without DMPP addition) to (3.49 dS m', 1.37%,
55.43 mg kg', 8.33 mg kg'and 332.6 mg kg,
respectively). These results agree with Weiske
et al. (2001); Diez-Lopez et al. (2008); Li et al.,
(2008) & (2009); Di and Cameron (2011); Liu
et al. (2013); Shi et al. (2016); Yin et al. (2017)
they indicated that the application of nitrification
inhibitor with N fertilizer reduced N losses from
soil due to slowing nitrification process.

The highest mean value of EC, OM and
available N, P and K (3.53 dSm, 1.42 %, 58.7 mg
kg, 8.8 mg kg! and 352.3 mg kg, respectively)
were recorded from the plots received 180 kg
N ha! with DMPP + 9.52 kg fulvic acid ha.
However, the 180 kg N ha' alone recorded the
lowest mean values of the previous parameters
(2.67dS m, 1.24%, 22.8 mg kg, 6.9 mg kg and
274.1 mg kg'!, respectively).

Nitrate leaching in drainage water (mg kg)

Data illustrated in Table 3 revealed that the
effect of fulvic acid application and nitrogen
fertilizers (with and without nitrification
inhibitor) individually or combined on NO,-N
in soil drainage water. Fulvic acid application
significant decreased NO,-N leaching in drainage
water; results obviously showed that the drainage
water from the untreated soil (without fulvic
acid addition) have high rates of NO,-N in both
growing seasons. The decreasing of NO,-N
leaching in drainage water in the treatment
which resaved organic acid may be due to N in
the soil solution along soil profile may mainly be
in NH,-N form rather than NO,-N form due to
application of fulvic acids.
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Regarding to the effect of nitrogen fertilizers
combined with nitrification inhibitor (DMPP)
decreased NO,-N in drainage water after the 2",
34 and 4" irrigations according the following
descending order: 90 kg N ha'! combined with
8% DMPP+135 kg N ha'! combined with 8%
DMPP+180 kg N ha'! combined with 8%
DMPP+180 kg N ha' alone. These results agreed
with those obtained by Zaman et al. (2009); Chen
et al. (2010) and Di & Cameron (2012). They
suggested the application of nitrification inhibitors
with N fertilizers as a practical way to reduce
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NO, leaching and N,O emissions. Concerning
the effect of the interaction of different factors
under investigation on NO,-N concentration in
drainage water, the data in most cases revealed
that the highest mean values of NO,-N leaching
in the 1* and 2" seasons (33.88 and 34.32 ppm,
respectively) were obtained with 180 kg N ha’!
alone after 2™ irrigation. Meanwhile, the lowest
leaching values in both seasons (9.00 and7.64
ppm, respectively) were achieved in plots received
90 kg N ha'! combined with 8% DMPP + 9.52 kg
fulvic acid ha! after 4" irrigation.
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TABLE 3. The combined effect of fulvic acid and nitrification inhibitor on NO,-Nleaching

Seasons 1% 2nd
No. of . .
irrigation N & NI Fulvic acid (kg ha”) Mean Fulvic acid (kg ha™) Mean
(kg N ha™) 0 476 9.52 (NI) 0 476 952 (ND
N 33.88 31.4 29.92 3173 3432 33.84 3328 3381
Second N,,DMPP 1580 1496 1412 1496 1920 1792 13.08 16.73
irrigation N,,,DMPP 2268 2128 2072 2156 2172 20.84  20.04  20.87
(2" N,,, DMPP 2500 2436 2328 2421 2336 23.72 2248 23.19
Mean (F) 2434 23.00 2201 24.65 2408 2222
LSD, . (F) 1.19 1.08
LSD, , (NI) 1.75 1.34
Interaction (F*NI) *k **
N 33.08 3048 2932 3096 3356 3292 3276  33.08
Third N,, DMPP 1204 1140 1032 1125 1468 1420 932 1273
irrigation N,,.DMPP 21,76 21.16 2056  21.16  20.88  20.08 19.56  20.17
(3" N,,, DMPP 24.68 2344 2216 2343 23.00 22.08 21.64 2224
Mean (F) 2289 21.62  20.59 23.03 2232 2082
LSD, . (F) 1.90 1.65
LSD, . (NI) 1.65 112
Interaction (F*NI) wk Hk
Nis 3268 29.96 2804 3023  33.08 3272 314 3240
N,, DMPP 10.52 9.76 9.00 9.76 1352 840  7.64 985
im;‘t’i‘:)r;h( qvy  NissDMPP 2104 198 1932 2005 1976 19.04 1828  19.03
N,,, DMPP 2352 2156 20.08 2172 20.88 2096 1940  20.41
Mean (F) 21.94 2027 1911 21.81 2028  19.18
LSD, . (F) 1.02 0.95
LSD, . (NI) 1.22 1.10
Interaction (F*NI) K wx
Yield and biomass of wheat plants Concerning the effect of nitrogen fertilizers
Table 4 exhibited the effect of fulvic acid (with or without nitrification inhibitor)

application and nitrogen fertilizers (with or without
nitrification inhibitor) individually or combined
on wheat plants biomass. The magnitude of the
enhancement of plant biomass was observed with
fulvic acid application. The application of 9.52
kg fulvic acid ha' increased plant biomass via.
plant height (101.44 and 104.49 cm), 1000-grain
weight (49.43 and 51.09 g), grain yield (6.07 and
6.34 Mgha) and straw yield (11.31 and 11.35 Mg
ha'') in the first and second seasons, respectively
following by 4.76 kg fulvic acid ha! as compared
to the untreated soil (without fulvic acid addition).
Similar findings have been reported by Sootahar et
al. (2019) who found that fulvic acids have direct
and indirect involvement on plant growth due to
improving soil aggregation, aeration, microbial
growth, organic matter mineralization, water
holding capacity and availability of macro and
micronutrients. Abd El-Kader (2016) indicated
that application of mineral N with fulvic acid
increased the grain, straw and 100-grain weight
and wheat yield compared to urea alone.

individually or combined, the nitrogen fertilizers
combined with nitrification inhibitor application
displayed an overall improvement in plant
biomass than nitrogen fertilizers alone. The
nitrogen fertilizers combined with nitrification
inhibitor significantly (p<0.05) increased plant
height (23.51 and 14.85%); 1000-grain weight
(15.38 and 24.78%); grain yield (45.41 and
44.29%) and straw yield (35.79 and 46.86%)
were obtained with application of 180 kg N ha'
combined with 8% DMPP in first and second
seasons, respectively as compared to 180 kg N
ha'! alone. These results are supported by the
findings of Pasda et al. (2001); Fangueiro et al.
(2009); Xu et al. (2014) and Abalos et al. (2014).

The highest mean values of plant height
(110.34 and 111.42 cm); 1000-grain weight
(55.60 and 61.00 g); grain yield (7.62 and 7.95
Mg ha') and straw yield (13.64 and 14.02 Mg ha-
) were recorded by 180 kg N ha™! combined with
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8% DMPP + 9.52 kg fulvic acid ha' in the first
and second seasons, respectively. Nevertheless,
the lowest mean values of plant height (81.25 and
87.85 cm); 1000-grain weight (44.60 and 45.50 g);
grain yield (4.64 and 4.88Mg ha") and straw yield
(8.64 and 8.43 Mg ha') were obtained with180
kg N ha' alone in first and second seasons,
respectively. The increment of wheat yieldand
itsparameter might be due to that the fulvic acid is
rich in different nutrients, while N fertilizer with
DMPP led to slowly dissolve in N, in sequence
conserved N from leaching and improved plant
growth.

Also, data indicate that, the different rate of
N-mineral fertilizers combined with nitrification
inhibitor (DMPP 8%) gave better results in
increasing the yield of wheat relative to N-mineral

fertilizers alone, these reasons lead to decrease
N-mineral fertilizers addition to soil; improve soil
fertility and protect the environment from severe
pollution.

The concentration of N in grain and straw of
wheat plants

A glance on Fig. 6 and 7 illustrated that
concentration of N in wheat grains and straw were
affected significantly (P<0.05) by the application
of fulvic acid and nitrogen fertilizers (with or
without nitrification inhibitor) individually or
combined.

The results indicated that the concentration
of N in wheat grains and straw took the same
manner of yield and its components. Mean while,
data reveal fulvic acid application at rate of 4.76
or/and 9.52 kg fulvic acid ha' clearly increased

TABLE 4. Effect of fulvic acids and nitrification inhibitor on some wheat parameters

Seasons 1+ 2nd
Parameters N, & NI Fulvic acid (kg ha) Mean Fulvic acid (kg ha™) Mean
(kg N ha") 0 4.76 9.52 (NI 0 4.76 9.52 (ND
Nigo 81.25 86.79 88.90 85.65 87.85 92.73 97.68 92.75
Plant N,, DMPP 86.00 88.11 99.00 91.04 92.05 93.75 99.40 95.07
height N,,,DMPP 93.75 103.75 107.52 101.67  95.50 107.00 109.44  103.98
(cm) N,,,DMPP 99.00 108.00 110.34 105.78  99.60 108.58 111.42  106.53
Mean (F) 90.00 96.66 101.44 93.75 100.51 104.49
LSD, . (F) 0.206 0.321
LSD, . (NI) 0.083 0.060
Interaction (F*NI) ok *k
1000 Niso 44.60 45.10 45.50 45.07 45.50 45.90 46.20 45.87
A N,, DMPP 45.20 46.20 47.10 46.17 46.50 47.20 47.80 47.17
V%:iag‘l'l‘ ) N, DMPP 4750 4890  49.50  48.63 4720 4865 4935 4840
(@ N,,, DMPP 49.30 51.10 55.60 52.00 54.80 55.90 61.00 57.23
Mean (F) 46.65 47.83 49.43 48.50 49.41 51.09
LSD, ,, (F) 0.401 0.828
LSD, , (NT) 0.530 0.912
Interaction (F*NI) ok ok
Niso 4.64 5.12 5.28 5.01 4.88 5.28 5.47 5.21
Grain yield N,,DMPP 4.78 5.19 5.28 5.09 5.05 5.31 5.62 5.32
(Mg ha") N,,;DMPP 5.09 5.64 6.09 5.61 5.40 5.93 6.33 5.89
N, DMPP 7.09 7.16 7.62 7.29 7.19 7.43 7.95 7.52
Mean (F) 5.40 5.78 6.07 5.63 5.99 6.34
LSD, ,, (F) 0.002 0.004
LSD, . (NI) 0.004 0.003
Interaction (F*NI) ok ok
Niso 8.64 9.07 9.42 9.04 8.43 8.64 8.73 8.60
Straw N,,DMPP 10.73 11.07 11.52 11.11 11.07 11.28 11.80 11.38
yield N,,;,DMPP 11.47 12.26 10.66 11.46 11.31 12.57 10.85 11.57
(Mg ha') N,,, DMPP 10.12 13.09 13.64 12.28 10.42 13.45 14.02 12.63
Mean (F) 10.24 11.37 11.31 10.31 11.48 11.35
LSD, , (F) 0.004 0.002
LSD, ,, (NI) 0.003 0.004

Interaction (F*NI)

ke

sk
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N % in wheat grains and straw. Similar findings
have been reported by Sootahar et al., (2019)
whofound thatfulvic acids have direct and
indirect involvement on the transport of macro
and micronutrients. Also, Abd El-Kader (2016)
indicated that application of mineral N with fulvic
acid increased the concentration of N in wheat
grains and straw as compared to urea alone.

Application of N fertilizationwith nitrification
inhibitor (DMPP 8%) clearly increased the N %
in wheat grains and straw according the following
descending order: 180 kg N ha! combined with 8%

DMPP+135 kg N ha! combined with 8% DMPP +
90 kg N ha! combined with 8% DMPP+180 kg N
ha' alone. This trend may be attributed to that the
N fertilizer combined with DMPP led to slowly
dissolve in N, in sequence conserved N from
leaching and resulted in higher uptake of plant
nutrients. The obtained data are confirmed with
the results found by Liu et al. (2013) who revealed
thatthe application of nitrification inhibitors led
to increasing soil inorganic nitrogen content and
shift N- NO, to N-NH,, consequently increase N
uptake and N use efficiency and increase wheat
and maize yield.
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Fig. 6. The combined effect of fulvic acid and nitrification inhibitor on N % in wheat grain
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Fig. 7. The combined effect of fulvic acid and nitrification inhibitor on N % in wheat straw
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The highest mean values of N concentration
in grain and straw were (2.09 and 0.84 %,
respectively) were obtained from plots received
180 kg N ha'! combined with 8% DMPP +9.52 kg
fulvic acid ha'. However, the lowest mean values
of N concentration in grain and straw were (1.49
and 0.40 %, respectively) were obtained from the
180 kg N ha'! alone.

Nitrogen uptake by wheat (kg fed”)

The nitrogen uptake by the grain and straw
of wheat were significantly affected by the
application of fulvic acid, nitrogen fertilizers (with
or without nitrification inhibitor) as well as their
interaction (Table 5). These results are extracted
from the grain and straw yield (Table 4) and N
concentration in grain and straw (Fig. 6 and 7).
Fulvic acid application significant increased N
content of grain, straw and total N uptake by wheat.
The application 0f 9.52 kg fulvic acid ha' increased
N content of grain (109.47 and 106.65 kg N ha
1), N content of straw (67.21 and 64.76 kg N ha')
and total N uptake by wheat (176.67 and 171.41
kg N ha') in first and second seasons, respectively
as compared to the untreated soil (without fulvic
acid addition). The increment of N content and
uptake may result in the application of fulvic acids

(Sootahar et al., 2019) or humic acid (Asal et al.,
2015) due to enhance of root growth and macro
and micronutrients uptake. These results agree with
those obtained by Abd El-Kader (2016) indicated
that urea coating with fulvic acid increased the N
contents in grain and straw and total N uptake of
wheat yield compared to urea alone.

In addition, application of N fertilization
combined with nitrification inhibitor (DMPP 8%)
clearly increased the N content of grain, straw and
total N uptake by wheat according the following
descending order: 180 kg N ha' combined with
8% DMPP > 135 kg N ha' combined with 8%
DMPP > 90 kg N ha! combined with 8% DMPP >
180 kg N ha' alone. This trend may be attributed
to that the N fertilizer combined with DMPP led
to slowly dissolve in N, in sequence conserved
N from leaching and resulted in higher uptake
of plant nutrients.These results agreed with
those obtained by Liu et al. (2013) found that
the application of nitrification inhibitors led to
increasing soil inorganic nitrogen content and
shift N- NO, to N-NH,, consequently increase N
uptake and N use efficiency and increase wheat
and maize yield.

TABLE 5. The combined effect of fulvic acid and nitrification inhibitor on N content of wheat grain and straw

Seasons 18t gnd
Parameters N, & NI Fulvic acid (Mg ha) Mean Fulvic acid (Mg ha™") Mean
(kg N ha™) 0 4.76 9.52 (ND 0 4.76 9.52 (ND)
N 68.69 73.19 82.43 74.77 73.19 70.94 80.62 74.92
N content of N,,DMPP 77.98 85.28 93.42 85.56 85.28 81.63 90.55 85.82
grain (Mg N,,.,DMPP 87.61 95.09 109.05  97.25 95.09 91.35 105.86 9743
ha') Nz, DMPP 136.18 139.45 15297 142.87 13945 137.81 149.56  142.27
Mean (F) 92.62 98.25 109.47 98.25 9543  106.65
LSD,, (F) 0.733 0.728
LSD, 5 (NI) 0.101 0.104
Interaction (F*NI) *k ok
N0 32.84 35.39 39.75  35.99 35.39 34.11 38.92 36.14
N content of N, DMPP 47.24 48.70 54.16  50.03 48.70 47.97 52.54 49.73
straw N,,,DMPP 57.36 58.79 7540  63.85 58.79 58.08 72.03 62.97
(Mg ha™) N,,, DMPP 66.77 70.89 99.51 79.06 70.89 68.83 95.58 78.43
Mean (F) 51.05 53.44 67.21 53.44 52.25 64.76
LSD, s (F) 0.716 0.845
LSD,, (NI) 0.254 0.282
Interaction (F*NI) ** *K
Nigo 101.53 108.58 122.18 110.76 108.58 105.06 119.54 111.06
Total N N,, DMPP 125.22 13398 147.57 13559 13398 129.60 143.09 135.55
uptake N,,.,DMPP 144.97 153.88 184.45 161.10 153.88 14943 177.88  160.40
(Mg ha™) Nz, DMPP 202.95 210.34 25249 221.92 21034 206.64 245.14  220.71
Mean (F) 143.67 151.70  176.67 151.70 147.68 171.41
LSD,,.(F) 1.394 1.521
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The highest mean values of N content of grain
(152.97 and 149.56 kg N ha'); N content of straw
(99.51 and 95.58 kg N ha™') and total N uptake by
wheat (252.49 and 245.14 kg N ha') were recorded
by 180 kg N ha! combined with 8% DMPP + 9.52
kg fulvic acid ha'! in first and second seasons,
respectively. While the lowest mean values were
observed with 180 kg N ha™! alone.

Partial  factor productivity (PP), Nitrogen
accumulation efficiency (NAE) and Yield nitrogen
concentration (CN)

Data presented in Table 6 showed the effect of
the application of fulvic acid, nitrogen fertilizers
(with or without nitrification inhibitor) and their
interaction on Partial factor productivity (PP),
Nitrogen accumulation efficiency (NAE) and
Yield nitrogen concentration (CN). Application
of fulvic acid at 9.52 kg ha'! significantly affected
PP, NAE and CN in both seasons with value of
43.88,16.15,0.0105g g and 45.97, 16.03, 0.0109
g g in the first and second season, respectively.
Hence, the untreated soil (without fulvic acid
addition) recorded the lowest mean values in both
seasons. N fertilization combined with nitrification

inhibitor (DMPP 8%) clearly increased the PP
according the following descending order: 90
kg N ha'! combined with 8% DMPP > 135 kg N
ha' combined with 8% DMPP > 180 kg N ha'!
combined with 8% DMPP > 180 kg N ha! alone.
While NAE and CN according the following
descending order: 180 kg N ha' combined with
8% DMPP > 135 kg N ha' combined with 8%
DMPP > 90 kg N ha'! combined with 8% DMPP >
180 kg N ha'alone.

Concerning the interaction, effect data
revealed that high significant interactions between
fulvic acid and nitrogen fertilizers (with or
without nitrification inhibitor) on PP, NAE and
CN were obtained. The highest mean values of
PP 58.71 and 62.41 g g in the first and second
season, respectively were recorded under 90 kg
N ha'! combined with 8% DMPP + 9.52 kg fulvic
acid ha''. While the highest mean values of NAE
and CN 17.06, 0.0127g g" and 17.22,0.0131g g’
in the first and second season, respectively were
recorded under 180 kg N ha™! combined with 8%
DMPP +9.52 kg fulvic acid ha'. The lowest mean
values were achieved under 180 kg N ha! alone.

LSD, ,, (NI)

Interaction (F*NI)

0.336

sk

0.368

skek

TABLE 6. The combined effect of fulvic acid and nitrification inhibitor on Partial factor productivity (PP),
Nitrogen accumulation efficiency (NAE) and Yield nitrogen concentration (CN)

Seasons 1+ 2nd
Parameters N, & NI Fulvic acid (Mg ha™) Mean Fulvic acid (Mg ha™) Mean
(kg N ha™) 0 476 9.52 (ND 0 4.76 9.52 (ND)
Nz 25.78 28.43 29.35 27.85 27.11 29.35 30.41 28.96
PP N,,DMPP 53.15 57.65 58.71 56.50 56.06 58.97 62.41 59.15
(@ g N,,.,DMPP 37.73 41.78 45.13 41.55 40.02 43.90 46.89 43.60
N,,,DMPP 39.40 39.80 42.31 40.50 39.93 41.25 44.16 41.78
Mean (F) 39.02 41.91 43.88 40.78 43.37 45.97
LSD, , (F) 0.181 0.178
LSD, s (NI) 0.099 0.01
Interaction (F*NI) ok ok
Niso 14.78 14.83 15.57 15.06 14.83 14.82 15.25 14.97
NAE N,,DMPP 16.05 15.80 16.59 16.15 15.71 15.80 16.34 15.95
(@ ) N,,.,DMPP 16.55 16.68 15.37 16.20 16.18 16.91 15.33 16.14
N,,,DMPP 15.90 16.27 17.06 16.41 15.08 16.50 17.22 16.27
Mean (F) 15.57 15.90 16.15 1545 16.01 16.03
LSD, ., (F) 0.075 0.064
LSD, ,, (NI) 0.012 0.014
Interaction (F*NI) *x *E
Nz 0.0076 ~ 0.0082  0.0090  0.0083 0.0082 0.0088  0.0096 0.0089
CN N,,DMPP 0.0081  0.0085  0.0090 0.0085 0.0083  0.0089  0.0094 0.0089
@) N, ,DMPP  0.0088 0.0096 0.0113  0.0099 0.0092 0.0100 0.0116  0.0103
N,,,DMPP 0.0118  0.0117  0.0127  0.0121  0.0119  0.0121  0.0131  0.0124
Mean (F) 0.0091  0.0095 0.0105 0.0094  0.0099  0.0109
LSD,,.(F) 0.0004 0.0002
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Conclusion

We can conclude from this study that the fulvic
acid application and N fertilizer with DMPP as
nitrification inhibitor caused reduction of nitrate
losses as well as improved wheat productivity. In
addition, fulvic acid combined with N fertilizer
with DMPP was more effective on wheat growth
and yield as well as nutrients uptake. Therefore,
a combined application of them increases the
nutrient content in the soil, consequently decreases
NO,-Nleaching and protects the environment
from severe pollution.
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