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WO field experiments were carried out under sprinkler irrigation

system at the agricultural research station (ARC), Ismailia
Governorate, Egypt in two successive summer seasons (2009 and
2010) to study the combination effects of irrigation regimes and N&K-
humate rates on some soil properties, yield quantity, yield components,
oil yield, crop water requirements as well as nitrogen use efficiency
(NUE) and water use efficiency (WUE) of sunflower crop in sandy
soil. A split- plot design with four replications was used. Two
irrigation regimes (25% from the available soil moisture depletion
(ASMD) and 50% ASMD) and four levels of N&K-humate combined
(Fo: control treatment, F;: 15 kg N + 2.0 kg k-humate /fed, F,: 30 kg
N + 4.0 kg k-humate /fed, F3: 45 kg N + 6.0 kg k-humate /fed). The
results indicated that the application rates of N&K-humate fertilizers
and irrigation scheduling treatments significantly affected soil
hydrophysics properties, yield and yield components. Therefore, an
increase in total porosity (TP), field capacity (FC) and wilting point
(WP), meanwhile, small decreased in soil bulk density and hydraulic
conductivity were obtained. The average values of actual
evapotranspiration (ETa) were 383.6, 362.6, 352.3 and 330.2 mm, for
25% ASMD irrigation treatments, respectively. Meanwhile those were
321.6, 310.2, 3014 and 2959 mm for 50% ASMD irrigation
treatments, respectively. Also the chosen treatments were affected on
seed yield and yield components. The highest averages of plant height,
head diameter, head weight, seed weight/head and 100 seed weight,
seeds yield/fed and seed oil/fed, in the two seasons were obtained from
the highest application level of N&K-humate fertilizers and under the
irrigation regime of 25% ASMD. The highest value of WUE was
obtained under the highest level of N&K-humate (F3) and at 25%
ASMD irrigation treatment. On the other hand, the highest value of
NUE was obtained under the lowest level of N&K-humate (F,) and at
25% ASMD irrigation treatment.

Keywords: Sunflower yield, N&K-humate, Irrigation scheduling,
Water requirements and water use efficiency.

Sunflower (Helianthus annuus L.) crop is considered to be one of the most
promising oil crops that can meet the oil needs because it is characterized with
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high unsaturated fatty acids and vitamin E content. Sunflower is the fourth oil
crop grown worldwide (Fagundes et al., 2007). In Egypt, there is a big shortage
in edible vegetable oil for many years due to fluctuations in the production of oil
seeds. The cultivated area of sunflower in Egypt is limited in Nile Valley and the
delta due to the competition with the other important summer crops. In Egypt, the
sunflower is adapted to different types of soils and climatic conditions. This wide
adaptability led to the fact that sunflower can be grown in less productive soils,
particularly, in the newly reclaimed soil in the desert area, which represented
about 96 % of total Egypt area. Moreover, due to the sunflower ability to tolerate
short periods of water deficient the potentiality of sunflower to be an important
crop in semi-arid environments under limited irrigation. Sunflower is categorized
as a low to medium drought sensitive crop (Tolga and Lokman, 2003 and Turhan
& Baser, 2004).

As reported by Karam (1978) the increase in the irrigation regimes reduced
plant height, head diameter, seed yield, seed index, seed oil content. In contrast,
Anwar et al. (1995) stated that all the yield components were affected by the
number of irrigations, as the number of irrigations increased; plant height, head
diameter, 1000-seed weight and stalk yield were increased. Flagella et al. (2002)
and Ashoub et al. (2003) reported that increasing irrigation regimes lead to
decrease plant height, head diameter and 100 seed weight. Incontrast, Ghazy and
Abu Ghazala (1999) found that seed and oil yields, seed oil content (%) and
WUE increase in proportion to the increase in the amount of irrigation water
given to sunflower. Ashoub et al. (2003) and El-Hafez et al. (2002) reported that
increase in seed yield of sunflower depended on hybrids and irrigations regimes.
Kazi et al. (2002) found that oil content of sunflower seeds was increased by
increasing irrigation water, while Erdemoglu et al. (2003) they observed that oil
content did not change significantly by increasing irrigation water. Sandor Maria
et al. (2011) indicated that irrigation water use efficiency (IWUE) was calculated
as report between yield grain obtained using the irrigation and the irrigation rate.
The value of the IWUE was 5.03 kg yield grain/mm.

Erdem et al. (2005a) showed that irrigations were started when crop water
stress index values reached 0.2, 0.4, 0.6, 0.8 and 1.0 (non-irrigated). They found
that the total irrigation water amounts of T 0.2, T 0.4, T 0.6 and T 0.8 treatments
were 679, 584, 470 and 227 mm, respectively.

N fertilizer application can guarantee the high yield of crop; it is a general
method to improve the yield of crop. Significant responses of seed oil yield to
increased levels of N, P and K fertilizers have been observed by several
investigators (Abu Ghazala et al., 2001 and Zhang et al., 2010). However, Kene
et al. (1992) found that seed oil percentage was not affected by N or P levels
while El-Kalla et al. (1998) found that it decreased with increased N level.

Large nitrogen supply increases the amount of seed oil per plant and depresses
seed oil concentration (Steer et al., 1984). The latter effect results from the
dilution of oil in heavier seed produced under high nitrogen. Therefore, smaller N
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concentration does not offset the advantage that large N supply has on seed
number and seed weight so that crop oil yield remains positively related to large

N supply.

To date, numerous researches have demonstrated conclusively that humic
acids (HS) showed significant impacts on the soil structure and plant growth
(Fong et al., 2007). HA in proper concentrations can enhance plant and root
growth (Bacilio et al., 2003). Several HS have been identified (Islam et al.,
2005). In regard to the potential of the HA, continuous development has led to
availability of various commercial humic acid based products and they are widely
marketed. The HA products are usually available in the form of inexpensive
soluble salts, referred to as potassium humate (Fong et al., 2007). Potassium
humate causes an increase in crop quality and tolerance of plant to drought,
saline, cold, diseases and pests stresses (Gadimov et al., 2007).

The present research was aimed to investigate the productivity of sunflower
as affected by N&K-humate application rates and irrigation regimes under
sprinkler irrigation system on newly reclaimed sandy soils of Ismailia
Governorate, Egypt.

Material and Methods

Two field experiments were conducted during two successive seasons of
2009 and 2010 at the Agricultural research station (ARC), Ismailia Governorate,
(30.35 N; 30.26 E; 20 m, ASL), Egypt to study the combination effects of
irrigation regimes and N&K-humate rates on sunflower (Helianthus annuus L.)
yield, its component, oil yield and water use efficiency grown in sandy soil. The
experiment was laid out in split plot design with four replicates. Two irrigation
regimes were tested when the sunflower plants consume 25% (I;) and 50% (l,)
from the available soil moisture depletion (ASMD). The irrigation treatments
under sprinkler irrigation system were assigned to the main plots. Four levels of
N&Kk-humate (Fo. control, F1:15 kg N+ 2.0 kg k-humate /fed, F,:30 kg N+ 4.0 kg
k-humate /fed, F3:45 kg N + 6.0 kg k-humate /fed) were assigned to the subplots.
Sowing of sunflower seeds was carried out in hills 20 cm a part and in rows 60
cm wide (35,000 plants/fed) Irrigation water application was controlled through
daily measurements of the soil moisture content in the subsequent soil depths,
where it was determined using gravimetric method in order to detect when the
soil moisture contents reach to irrigation treatment 25% ASMD (I;) and 50%
ASMD (I,).

In order to determine actual evapotranspiration (ETa), soil moisture contents
before and after irrigation was determined using the collected undisturbed soil
samples by core Auger from different depths. The values of soil moisture content
were determined by a gravimetric methods (Klute 1986).Also values of water use
efficiency WUE was determined by dividing seed yield (Kg/fed) on actual
evapotranspiration ETa (m®/fed) according to Giriappa (1983).

Egypt. J. Soil Sci. 53, No. 1 (2013)



122 H. M. A.EL-KOTB AND T.I. BORHAM

Phosphorous as superphosphate form (15.5% P,0s) was applied to the soil
two weeks before planting. Potassium in the form of potassium sulphate (50%
K,0) was applied in two equal doses every two weeks intervals after planting.
Nitrogen as ammonium sulphate form (20.5% N) was mixed with k-humate and
added in four doses every two weeks intervals starting from plant emergence.
Irrigation regimes were starting after planting directly using gravimetric method.
The potassium humate component used in this study was as follows: [humic acid
(80%), potassium (K,0) (10-12%) and micronutrients such as zinc, iron,
manganese, cupper in chelated form and its concentration was 100 ppm], were
sprayed with the recommended doses after 55 and 75 days from planting.

At harvesting samples of 10 guarded plants from each sub-plot were taken
randomly in four replications. The recorded data after harvesting include plant
length (cm), head diameter (cm), shoot dry matter (g/plant), root dry matter
(g/plant), biomass dry matter (g/plant), shoot: root ratio, 100 seed weight, seed
yield (kg/fad), oil yield (kg/fad), seed oil content (%) and Nitrogen use efficiency
(NUE) (kg seed/kg N ).

To determine Oil Percentage (%): Dried mature of seeds were ground into
very fine powder and determined oil % using Soxhelt apparatus and diethyl ether
according to A.O.A.C. (1995).

Nitrogen use efficiency (NUE) was calculated using the formula suggested by
Moll et al. (1982) by dividing seed yield (Gw) by nitrogen (N) applied to the soil
plus mineral nitrogen in the soil before sowing (Ns) {NUE = Gw /N + Ns} .

Undisturbed and disturbed surface (0-20 cm) and subsurface (20-40 cm) soil
samples were collected before sowing to determine some physical and chemical
characteristics of the investigated soil, according to the methods described by
Page et al. (1982) and Klute (1986). Table 1 showed some soil physical and
chemical characteristics of the experimental site.

Results and Discussion

Combination impacts of irrigation regimes and N&K-humate rates on

1. Hydrophysical properties of the studied sandy soil

The changes in the studied hydrophysical properties of the tested sandy soil
under different application rates of N&K- humate after the two growing seasons
are presented in Table 2. These data indicate that a negative and positive impacts
are noticed on the soil moisture constants with increasing the application rate of
N&K-humate, i.e., the values of soil bulk density and hydraulic conductivity are
decreased, but these decreases are not significant for bulk density and significant
for hydraulic conductivity, whereas the total porosity, retained moisture at field
capacity, values of wilting point and available water percentage are significantly
increased with increasing the application rates of N&K-humate. The reducing soil
bulk density values may be related to the increasing the percentage of storage
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pores in the studied soil which can be regarded as an index of improving pore size

distribution.

TABLE 1. Some physical and chemical properties of the tested soils.

Character | Value
Particle size distribution
Clay o 1.6
Silt o 37
sand o, 94.7
Textural class Sandy soil
CaCoz o 0.75
Organic matter o, 0.75
Chemical analysis
PH (1 : 2.5 suspension) 7.76
EC. (ds/m, soil paste extract) 2.50
Soluble cations (soil paste meg/L):
Ca® 8.4
Mg* 5.7
Na* 9.4
K* 15
Soluble anions (soil paste meg/L):
HCO; + CO;”° 135
Cr 7.6
S0,? 3.9
Total N o, 0.02
KCl-extractable N (ppm) 31.04

TABLE 2. Effect of different application rates of N&K- humate on some soil

hydrophysical properties.

i i 0,
Soil moisture constants (% volume ) Bulk Hydraulic
Treatments density conductivit
gm/cm® y cm/hr
TP F.C W.P AW

Fo 343a 91a 22a 6.9a 168 a 104 a

Fi 355D 9.8b 25b 7.3b 163a 9.2b

F, 376¢c 10.1c 26¢C 75b 1.61a 8.6¢C

F3 39.3d 10.5d 2.7d 78¢c 1.58 a 7.9d

LSDy 05 0.26 0.16 0.18 0.24 0.18 0.18

TP = Total porosity % , FC = field capacity % , WP = wilting point % , AW= available water % .
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The pronounced decrease in the values of hydraulic conductivity of the studied
sandy soil may be due to decrease of macro pores, and the dominance of meso and
micro pores on the expose of the other pore sizes. These results are in agreement
with those of Mona et al. (2011). Concerning the changes in the values of field
capacity, wilting point and available water content at different applied rates of
N&Kk-humate, data show that the treated soils with N&K humate possess relatively
high values of over mentioned constants as compared to control. The increasing
percentages of available water for treatments F,, F, and F; compared to control (F,)
are recorded to be 5.7%, 8.9 % and 13.2%, respectively. These increase may be due
to the fact that organic substances (humate) contain pronounced high active organic
groups that encourage the water molecules to be chelated. Thus, the N&k-humate is
considered as an organic conditioner that improves the previous soil hydrophysical
properties through its ability to absorb water and swelling leading to pronounced
effect of changing pore size distribution.

2. Actual evapotranspiration (ETa) of sunflower crop

Table 3 shows the mean values of actual evapotranspiration (ET,) of sunflower
crop during the two growing seasons, as a function of irrigation scheduling
treatments. The mean values of ET, are 357.2 and 307.3 mm, for 25% and 50%
ASMD treatment respectively. Results in Table 3 show the values of seasonal
consumptive use (actual evapotranspiration) (ET,) of sunflower crop, as a function of
irrigation scheduling treatments. The ET, values are 383.6, 362.6, 352.3 and 330.2
mm, for 25% ASMD treatment respectively. Meanwhile, those are 321.6, 310.2,
301.4 and 295.9 mm for 50% ASMD irrigation treatment, respectively. This reveal
that irrigation at 25% ASMD has the highest values of seasonal ET, whereas, the
lowest ET, values, are resulted from irrigation at 50% ASMD regime. These results
may be attributed to that irrigation at 25% ASMD (frequent irrigation) increased the
amount of available soil moisture in the root zone of sunflower plants ,which led to
visible increase in the transpiration process from sunflower shoots and to the increase
of evaporation from the soil surface. On the other hand, the results indicate also that
the increasing of application rate of N&K - humus resulted in an observed decrease in
the actual evapotranspiration of sunflower crop. Therefore, the highest value of ET, is
recorded for the control treatments (F,) fallowed by F, and F, then F5; which recorded
the lowest value. This may be due to the increasing water holding capacity of the
sandy soil as a result for adding humus organic materials to the soil.

On the other hand, data listed in Table 3 also indicate that the monthly ETa are
started with low values during June, thereafter, increased during July and reached
its maximum values during August then it declined again during September
(harvesting month) . Such findings may be attributed to most of water losses
during June are caused by evaporation from the soil (germination and seedling
stages) as the roots of sunflower are still very small. Thereafter, as the plant cover
increase (vegetative growth) the monthly ETa increased reaching its peak at
flowering and seed filling stages, as the roots and shoots reaching to the
maximum growth. The values of ETa re-decreased during September (maturity
stage) as a result of the drying of lower leaves and to the low transpiration rate.
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TABLE 3. The average values of monthly actual evapotranspiration (ETa) of
sunflower crop under different application rates of N&K humate.

N&K humate ETa mm/month for the irrigation regime at 25% ASMD
treatment May June July August Total
Fo 50.2 129.6 174.8 29.1 383.6
F1 47.4 122.5 165.2 275 362.6
F, 46.1 119.1 160.5 26.7 352.3
Fs 44.3 114.5 147.0 24.4 330.2
Mean 357.2
N&K humate ETa mm/month for the irrigation regime at 50% ASMD
treatment May June July August Total
Fo 24.0 109.5 165.5 226 321.6
= 22.7 103.5 161.8 22.1 310.2
F, 221 100.5 157.3 215 301.4
Fs 21.2 96.7 156.6 21.4 295.9
Mean 307.3

3. Plant growth

Generally, plant growth is significantly differing according to different
treatments due to the application rates of (N&k-humate). The results in Table 4
reveal that the averages of plant length (PL), head diameter (HD), seed weight
(SW), 100-seed weight (100-SW), shoot dry matter (SDM), root dry matter
(RDM), and biomass dry matter (BDM) per plant are significantly increased as
the N&k-humate rates increased.

The highest application rate of N&k-humate (F3) give the highest average values of
sunflower growth parameters. Comparing to the control treatment (), the percent of
increments for the highest rate (F3) are 34.87 %, 54.59 %, 53.64 %, 54.52 %, 65.15 %,
30.74% and 47.03 % for the following growth parameters PL, HD, SW, 100-SW,
SDM, RDM and BDM per plant, respectively. The increment percent of shoot/root
ratio are increased by 25.26 %, 26.84 % and 29.47 % for F;, F2 and F; treatments,
respectively compared to control. The increase in these parameters with the increasing
of N&k-humate rates may be due to the role of nitrogen in activating the growth and
yield components and to the role of k-humate in enhancing fertility and
physiochemical soil properties. Similar results were obtained by Mojiri and Arzani
(2003), Killi (2004) and Osman & Awed (2010).

Irrespective of fertilizer treatments, plant growth parameters are significantly
differing due to irrigation regime treatments. Table 4 shows that the averages of
plant length (PL), head diameter (HD), seed weight (SW), 100-seed weight
(100-SW), shoot dry matter (SDM), root dry matter (RDM) and biomass dry
matter (BDM) per plant are decreased as irrigation regimes increased from 25%
ASMD (I;) to 50% ASMD ().
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The percentages of decrements are 11.2 %, 20.5 %, 20.8 %, 20.7 %, 25.7 %,
22.1% and 25.5 % for PL, HD, SW, 100-SW, SDM, RDM and BDM per plant,
respectively. As well as, shoot / root ratio, are decreased as irrigation regime increase
from 25% ASMD to 50% ASMD (l,). This may be refer to the effect of water deficit,
which in turn reduced plant growth and all yield components (Abdou et al.,2011).

Data presented in Table 4 show that plant length (PL), head diameter (HD),
seed weight (SW), 100-seed weight (100-SW), shoot dry matter (SDM), root dry
matter (RDM), and biomass dry matter (BDM) per plant are significantly affected
by the interaction between irrigation regimes and NK- humate fertilizations rates.

In general, plant growth is markedly affected by N&Kk-humate application but
the magnitude of response varied widely within irrigation regimes. The lowest
values of PL (93.33 cm), HD (15.36 cm), SW (21.57 g) 100-SW (3.90 g), SDM
(28.96 g), RDM (12.03 g) and BDM (62.57 g) per plant are obtained from 50%
ASMD with the lowest rates of N&Kk-humate rate (F,), i.e., under I,F; treatment,
while, the highest values of PL (126.8 cm), HD (22.93 cm), SW (32.34 g),
100-SW (5.82 g), SDM (44.05 g), RDM (18.05 g) and BDM (94.43 g) per plant
are obtained from 25% ASMD (I;) with the highest rate of N&k-humate (F3),
i.e., 113 treatment. Vivek et al. (1994) obtained similar results quoting that mean
yield of sunflower increased with increasing levels of irrigation and nitrogen
fertilizer. Khaliq and Cheema (2005) reported that plant growth and total dry
matter production varied with irrigation and nitrogen application rates. Viveck
et al. (1994) also reported that substantial yield increase through N fertilization
and the magnitude of the response was dependent on the moisture supply.

4. Yield, oil content and nitrogen use efficiency

It is evident from Table 4 that N&K humate treatments have significant impact on
the seed yield (SY), ail yield (OY), oil content (OC) and nitrogen use efficiency
(NUE). The positive response are observed on seed and oil yield while, oil content
and nitrogen use efficiency recorded the negative response. Seed and oil yield
recorded increments by (24.50 %, 35.81% and 54.59 %) and (17.45 %, 22.37% and
34.65 %) for Fy F,and Fs, respectively compared to control treatment. On the other
hand, oil content and nitrogen use efficiency recorded decrements by (3.48 %, 8.01%
and 14.22 %) and (9.44 %, 32.95% and 58.47 %) for F; F,and F; respectively
compared to control treatment. Such results may be due to the adverse effect of
nitrogen on oil content, is offset by an increase in protein content. Protein formation
competes more strongly for photosynthesis, as a result, less of the latter are available
for fat synthesis and nitrogen depressed the seed oil content. Large nitrogen supply
increases the amount of seed oil per plant and depresses seed oil concentration (Steer
et al., 1984). This may be attributed to the dilution of oil in heavier seed produced
under high nitrogen. Therefore, smaller N concentration does not offset the advantage
that large N supply has on seed number and seed weight so that crop oil yield remains
positively related to large N supply. These results are agreement with those of Khalig
(2004) and Nasem el al. (2012) they reported that with increasing N rates, there were
an increments in the total dry matter (TDM), grain yield and yield components, while
the oil content was negatively affected.
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Data recorded in Table 4 show the averages of seed yield, oil yield, oil content
and nitrogen use efficiency which significantly differ due to impact of irrigation
regime treatments, whereas irrigation at 25% ASMD always gives the highest
averages, in contrast, the lowest ones are detected from irrigation at 50% ASMD.
It is obvious that increasing irrigation regimes from 25% to 50% ASMD
significantly decreased seed yield, oil yield, oil content and nitrogen use
efficiency by 20.5 %, 23.9 %, 4.0 % and 23.5 %, respectively. These results may
refered to the effect of water deficit, resulted from irrigation at (50% ASMD).
The results are agreement with the finding of El-Hafez et al. (2002) and Ashoub
et al. (2003).

It is evident from Table 4 that the interaction affects of N&k-humate and
irrigation regimes have a highly significant effect on seed yield (SY), oil yield
(OY), oil content (OC) and nitrogen use efficiency (NUE). In contrast, oil content
and nitrogen use efficiency recorded the negative response for all N&k-humate
rates at both 25% and 50% ASMD regimes.

As regard to the interaction of the irrigation regimes and N&K-humate
fertilization rates, the (F3 I1) treatment produced high seed and oil vyield
compared to (F3 12) treatment. This may be related to low water availability
under (F3 12) treatment. On the other side, the response of sunflower plants for
nitrogen fertilizer mainly related to irrigation regimes, where plant growth, yield
and yield components are decreased due to increase of irrigation regimes from
25% to 50% ASMD which decreased amount of available water availability for
plants. These results were agreement with Unger (1990) which reported that
fertilizer requirements for sunflower rise with increased irrigation because of the
high yields obtained.

5.Water use efficiency of seeds and oil yield

Data listed in Table 5 indicate that irrigation at 25% ASMD lead to high
values of WUE ,that are 0.52, 0.63 ,0.69 and 0.82 kg seeds/ m® water for the
treatments Fo,F;,F, and F;, respectively. Meanwhile, the WUE values of 50%
ASMD reached 0.40, 0.58, 0.67 and 0.80 kg seeds/ m? for the same treatments,
respectively. These results indicate that irrigation at 25% ASMD in sandy soil
increase the availability of water to consume by sunflower plants, consequently
this was reflected on the seed yield. In contrast, sunflower plants that irrigated
at 50% ASMD are suffer from water deficit so, these plants consume more of
energy to absorb water, which reflected negatively on the seed yield of the
cultivated crop. These results are agreement with Ghazy and Abu Ghazala
(1999).

Data also, indicate that increasing application rate of N&K-Humate resulted in
an increase of WUE of sunflower crops. This may be attributed to the increase of
the seed yield and the decrease in the values of actual evapotranspiration resulted
from improving water holding capacity of the sandy soil.
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Data listed in Table 5 indicate that the WUE values of oil yield take the same
trend of WUE of seed yield, as the irrigation at 25% ASMD give high values
compared with 50% ASMD for N&Kk-humate treatments. The data indicate that
increasing of application rate of N&K-humate resulted in an increase in oil WUE
of sunflower crop. This may due to the visible increase in the oil yield and the
decrease of actual evapotranspiration resulted from improving physical and
chemical properties of sandy soil.

TABLE 5. The average values of seed and oil water use efficiencies of sunflower crop.

25% ASMD 50% ASMD
N& K-
humate | Seed Qil Seed | Oil ) oil Seed | Oil
. - ETa Yield - ETa
treatments | yield | yield m? | WUE | WUE Kg/fed yield | " 5" | WUE | WUE

Kg/fed | Kg/fed kg/m® | kg/m® Kg/fed kg/m® | kg/m®

Fo 839.2 | 3421 |1611.1| 0.52 021 | 536.8 | 208.2 | 13509 | 0.40 | 0.15

F1 9546 | 3708 |15229| 0.63 024 | 758.1 | 2755 [ 13026 | 058 | 0.21

F2 1021.7 | 370.1 |1479.8| 0.69 025 | 847.1 | 3033 | 12659 | 0.67 | 0.24

Fs 11317 | 400.1 |1386.7| 0.82 | 029 | 9954 | 3409 |1242.8| 0.80 | 0.27

Mean 986.8 | 370.8 |1500.1| 0.66 025 | 7844 | 2820 [12905| 061 | 0.22

LSDoos 744 | 0.028 | 0.0113 216 | 0.026 | 0.0112

Results in Table 5 indicate that there are positive significant effects for N&K
humate rates on seed and oil yields of sunflower, where the yields of seed and oil
as well as seed and oil WUE increase as N&K humate rates increased. Meanwhile
ETa values decrease with increasing N&K humate rates. This may be due to
increase of water holding capacity and encouraging soil aggregation occur due to
the presence of humates.
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