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ABSTRACT: Two field experiments were carried out during 2010 and 2011 seasons to
investigate the effect of using humic acid at 1.0 to 3.0 kg/ fed as a partial replacement of mineral
N fertilizer on growth, yield, yield components and chemical composition of seeds and leaves of
comcv. S.C 101.

The growth characters, yield, yield components, proteins % as well as N, P, K and Mg in the
leaves (except number of rows/ ear and shelling %) were considerably affected by varying
percentages of mineral N as well as humic acid levels. Using mineral N (90 kg/ fed) through 75
% mineral + 2.0 kg humic acid/ fed gave the best results in most cases. Reducing percentages
of mineral N from 75 fo 50 % even with the application of humic acid gave the lowest results of
yield and its components.

Supplying corn cv. S.C 101 plants with N at 90 kg/ fed through 75 % mineral N plus 2.0 kg

humic acid/ fed was responsible for improving yield and its components.
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INTRODUCTION

In Egypt, large areas of desert lands are
sandy soil, which is low in organic matter
content as well as low in macro and micro
nutrients. So, organic fertilizer is one of the
limiting factor for horizontal agricultural
expansion especially under Egyptian
conditions of arid and semi arid areas (Saleh
et al., 1997) and should be added to
enhance organic matter and N content in the
soil (Kannaiyan, 2002).

Increasing population resulted in broad
demand for food at last two decades. To
meet this demand might be difficult because
current fields are not accountable and yield
loss clearly appears. Under these
conditions, agriculture could not supply
growing global requirement to food. Corn is
one of the high yielding cereals that ranked
as third cereal crop after wheat and rice to
supply global population consumption (FAO,
2011).

Corn  (Zea mays) follows family
Gramineae. In Egypt it is considered one of
the most important crops and the principal
source of feeding for many people of the
world, particularly the third world and Egypt
admits.

Humic substances exert an influence on
soil fertility and biological activity of soil and
consequently, they indirectly affect the
growth and development of plants. They
have positive action on plant metabolism,
photosynthesis and cell division. Using them
at various developmental stages stimulates
rooting as well as the growth of
aboveground parts. They can also have a
positive effect on nutrients uptake
(Fernandez- Escobar et al.,, 1996; Nardi ef
al., 2002; Canellas et al., 2002; Muscolo et
al., 2007; Marino ef al., 2008 as well as
Verlinden et al., 2009 and 2010).

Using humic substances and organic
manures as a partial replacement of mineral
N was found by many authors to enhance
growth, uptake of nutrients, yield and yield
components of many field crops especially
cereals (Ayuso et al.,, 1996; Saleh ef al.,
1997; Zahran et al., 1997; El- Beshbeshy,
2000; Abdel- Aziz et al., 2000; Ali 2001; EI-
Douby et al., 2001; Sheriff, 2002; EI- Douby,
2002; Jones ef al., 2004; Chen, 2006;
Ulukan, 2002 and 2008; Asik ef al., 2009;
Verlinden ef al, 2009 and 2010;
Szczepanck and Wilczewski, 2011 and
Babaogh et al., 2012).
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This study aimed to study the effect of
using humic acid partially instead of mineral
N fertilizer on growth, nutrient uptake, yield
and its components of corn cv. S.C 101
grown under sandy soil.

MATERIALS AND METHODS

Two field experiments were preformed
during 2010 and 2011 seasons in the newly
reclaimed sandy soil of New Farm of Fac. of
Agric. Souhag Univ., EI- Kawthar, Souhag
district, Souhag Governorate. The soil had
an average pH value of 7.5, 3.39 ds m’ EC,
0.64 % organic matter, 12 % CaCO3, 0.95 %
total N, 13 ppm available P and 232 ppm
available K for the upper 30 cm of soil depth
(according to the procedures outlined in
Cottenie et al, 1982). Corn plants were
preceded by wheat in the two seasons.
Each experiment included nine treatments .
A randomized complete blocks design with
three replicates was adopted . The area of
each plot was 10.5 m? ( 1/ 400 fed. ),
consisted of five ridges, 3m. long and 70 cm
apart . Hills in ridges were 25 c¢cm apart. The
two outer rows were left to guard against
compatibility from adjacent plots, where the
other three rows were used for yield and
yield component measurements.

Seeds of corn cv. S.C 101 were sown on
the second week of May, two kernels per hill
(12 kg. seeds/ fed). After complete
germination, the hills were thinned to one
plant per hill. Other cultural practices were
carried out as recommended for Souhag
region.

This study involved the following nine
treatment from mineral N and humic acid
applications.

1- Application of 100% the mineral N (90 kg/
fed.) .

2- Application of 87.5 % of the mineral N
plus 1.0 kg humic acid/ fed.

3- Application of 87.5 % of the mineral N
plus 1.5 kg powdered potassium humate
(85 % humic acid)/ fed.

4- Application of 75 % of the mineral N plus
1.5 kg humic acid/ fed.

5- Application of 75 % of the mineral N plus
2.0 kg powdered potassium humate/ fed.

6- Application of 62.5 % of the mineral N
plus 2.0 kg humic acid/ fed.

7- Application of 62.5 % of the mineral N
plus 2.5 kg powdered potassium humate/
fed.

8- Application of 50 % of the mineral N plus
2.5 kg humic acid/ fed.

9- Application of 50 % of the mineral N plus
3.0 kg powdered potassium humate/ fed.

The amount of mineral N was splitted into
two equal doses, side dressed after thinning
before the first irrigation and the rest before
the second irrigation. The amount of
powdered potassium humate was put in hills
before sowing according to the previous
amounts.

Data were collected from each plot basis,
for measuring the following characters:-

1- Growth characters:-

Ten guarded plants from each plot were
selected randomly in the two seasons, to
recorded the following traits :

1- Plant height (cm.) (the distance between
the ground surface till the base of tassel).

2- Stem diameter (mm) .

3- Number of green leaves per plant.

4- Leaf area of topmost ear (cm2) was
calculated according to the following
equation reported by Alessi and Power
(1975) and Radford (1967).

Leaf area= leaf length x maximum width x 0.75
5- First ear height (cm.).
6- Barren plants %.

7- Lodged and broken plants % was
calculated by dividing the number of
plants having angles more than 30 &C in
addition to the broken plants by total
number of normal plants and multiplying
the product by 100.

8- Plants carried two ears %.
At harvesting time (1St week of Sept.
during both seasons), the following

characters were recorded as the average of
ten plants randomly chosen from each plot.

1. Number of ears per plant.
2. Ear weight (g.).
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3. Ear dimensions (length, in cm and

diameter in mm).

Number of rows/ ear and number of

kernels/ row.

Number of kernels / row .

Weight of 100 kernels (g.).

Weight of kernels/ ear (g.).

Shelling % was calculated by dividing

kernel weight per ten ears by weight of

ten ears and multiplying the product by

100.

9. Grain yield / plant (gm) .

10. Grain yield / fed.

11. Proteins % in the dry seeds (according
to A.O.A.C., 1995).

12. Percentages of N, P, K and Mg were
determined in the leaves lateral bearing
ears at the start of silking stage
according to Mengel and Kirkby (1987)
and Wilde et al., (1985).

Data were subjected to the proper
statistical analysis of variance according to
the procedure outlined by Mead et al,
(1993). The treatment means in both
seasons were compared using new L.S.D at
0.05.

b
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RESULTS AND DISCUSSION

1- Growth characters:-

It is clear from the data in Table (1) that
application of the mineral N (90 kg N/ fed)
through 75 % to 87.5 % mineral N plus
humic acid at 1.0 to 2.0 kg/ fed. significantly
improved the five growth characters namely
plant height, stem diameter, number of
green leaves/ plant, leaf area and ear height
in relative to using N via mineral N at
percentages ranged from 50.0 to 625 %
with humic acid or when N applied via
mineral N at 100 %. Reducing mineral N
from 75 to 50 % even with the application of
higher amounts of humic acid (2.0 to 3.0 kg/
fed.) significantly was followed by a great
reduction on theses growth characters.
Using the mineral N completely via inorganic
N was significantly superior than using N via
mineral source at percentages lower than 75
% even with the application of humic acid.
As a general increasing levels of humic acid
from 0.0 to 2.0 kg/ fed, regardless the
amount of mineral N had a significant and
gradual promotion on these growth
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characters. The maximum values were
recorded from the plants which received N
through 75 % mineral N + 2.0 kg humic acid/
fed. Treating the plants with N via 50 %
mineral N + 2.5 kg humic acid per fed. gave
the lowest values. These results were true
during both seasons.

The promoting effect of humic acid on
growth characters might be attributed to its
positive action on enhancing soil fertility, cell
division, photosynthesis (Verlinden, 2009
and 2010). The negative action of higher
mineral N on increasing plant lodging as well
as the great tendency to pest incidence and
producing broken plants could explain the
present results.

These results are in agreement with
those obtained by Asik ef al, (2009);
Verlinden et al., (2010); Szczepanek and
Witczewski (2011) and Babaogh et al.,
(2012).

2- Percentages of barren plants,
lodged and broken plants and

plants carried two ears:-

It is clear from the data in Table (1) that
supplying the plants with the suitable N via
75 to 87.5 % mineral N plus humic acid at
1.0 to 2.0 kg/ fed. significantly was
accompanied with enhancing the
percentage of plants carried two ears and at
the same time reducing percentages of
barren plants and lodged and broken plants
rather than using N through 50 to 62.5 % N
+ humic acid at 2.0 to 3.0 kg/ fed. as well as
when N was applied at 100 % mineral N.
The reduction or the promotion was
significantly associated with increasing
humic acid levels from 1.0 to 2.0 kg/ fed.
Reducing the percentages of mineral N from
75 to 50 % as well as increasing humic acid
levels from 2 to 3.0 kg/ fed. significantly
increased the percentages of barren plants
and lodged and broken plants, while it was
responsible for reducing percentage of
plants carried out two comparing with the
other treatments. Using the suitable N
through 100 % mineral significantly was
responsible for reducing barren plants % as
well as lodged , broken plants % and
increasing the percentage of plants that
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carried two ears in relative to using mineral
N at percentages lower than 75 %. The
minimum percentages of barren plants as
well as lodged and broken plants % and the
maximum percentage of plants that gave
two ears were recorded on the treatment
that included the application of N through 75
% mineral N plus 2.0 kg. humic acid/ fed.
Supplying the plants with N via 50 % mineral
N + humic acid at 3.0 kg/ fed. gave the
highest values of barren plants as well as
lodged and broken plants percentages as
well as the lowest percentage of plants that
carried out two ears. These results were true
during both seasons.

The beneficial effect of the optimum rate
of mineral N as well as humic acid on
reducing barren, lodged and broken plants
as well as increasing the percentage of
plants which carried two ears might be
attributed to the production of health and
vigour plants.

These results are in agreement with
those obtained by Asik et al, (2009);
Verlinden et al.,, (2010); Szczepanek and
Witczewski (2011) and Babaogh ef al,
(2012).

3- Yield and yield components:-
Data in Tables (2 & 3) obviously reveal
that varying N management treatments had
significant effect on yield per plant and per
fed. and yield components namely, number
of ears per plant; weight and dimensions of
ear, number of kernels per row, 100 kernel
weight and kernel weight/ ear. Number of
rows per ear and shelling % did not alter
significantly with mentioned treatments.
Using N through 75.0 to 87.5 % plus humic
acid at 1.0 to 2.0 kg/ fed. significantly
succeeded in improving the yield and its
components in relative to wusing N
completely via mineral N or when mineral N
was applied at percentages lower than 75 %
even the application of humic acid. There
was a gradual promotion on yield and its
components with increasing levels of humic
acid from 1.0 to 2.0 kg/ fed. As a general
increasing rates of humic acid under the
same level of mineral N significantly
enhanced yield and its components. A great
and significant decline on vyield and its

(®)

components was observed when mineral N
was added at percentages lower than 75 %
as well as when N was applied completely
via mineral source. The best results with
regard to yield and its component of corn
plants were obtained with using N through
75 % mineral N + 2.0 kg humic acid/ fed.
Yield per fed. under such promised
treatment reached 4.92 and 4.71 tons grain
in relative to 3.59 and 3.51 tons per fed
produced in plants treated with N completely
via mineral N. The lowest yield (2.10 and
2.21 tons) was recorded when the plants
were fertilized with N through 50 % mineral
N + 2.5 kg humic acid. The results were
announced during both seasons.

The beneficial effect of humic acid and
application of the optimum mineral N rate on
the yield and yield components was mainly
attributed to their positive action on
enhancing nutritional status of the plants
and the biosynthesis of organic foods
(Marino et al., 2008).

These results are in concordance with
those obtained by EI- Douby et al., (2001);
Sheriff (2002); EI- Douby (2002) and Ulukan
(2008).

4- Chemical composition of seeds
and leaves:-

Table (3) shows that amending corn
plants with N through 75 to 87.5 % mineral
N plus humic acid at 1.0 to 2.0 kg/ fed
significantly = was  accompanied  with
enhancing the percentage of proteins in the
seeds and the percentage of N in the leaves
in relative to using N completely via mineral
source as well as when N was applied at
percentages lower than 75 % even with
humic acid application. However, there was
a gradual and significant promotion on P, K
and Mg percentages in the leaves with
reducing percentages of mineral N from 100
to 50 % and at the same time increasing
humic acid levels from 1.0 to 3.0 kg/ fed.
There was a significant reduction on
proteins % in the seed and leaf N content
with reducing mineral N percentages from
75 to 50 % + using humic acid at 2.0 to 3.0
kg/ fed. The maximum proteins and N %
was presented with using N via 75 %
mineral N plus 2.0 kg humic acid/ fed. The
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highest P, K and Mg in the levels were
recorded on the plants that fertilized with N
via 50 % mineral N plus 3.0 kg humic acid/
fed. These results were true during both
seasons.

The positive action of humic acid on
improving soil fertility and uptake of different
nutrients could explain the present results.
The antagonism on the uptake of N from
one side and P, K and Mg uptake on the
other side could explain the present results.

These results are in concordance with
those obtained by EI- Douby et al., (2001);
Sheriff (2002); EI- Douby (2002) and Ulukan
(2008).

From the foregoing results, it could be
concluded that the highest corn grain yield/
fed could be obtained by supplying S.C 101
corn plants with N (90 kg/ fed.) through 75 %
mineral N plus 2.0 kg humic acid/ fed.
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Table (1): Effect of mineral N and humic acid treatments on some growth and agronomic characters of corn plants during 2010

and 2011 seasons.

No. of

st

) ) ) r?eli;:t dgrevg?er |g§/22/ cl;fetil;)arlr:ce;t Leigﬁtr pi;rtrse% anLdog?oesen cai:zgttswo

Mineral N and humic acid (cm.) (mm) ear (cm”) (cm.) plants % ears %

treatments plant

2010 | 2011 | 2010 | 2011 | 2010 | 2011 | 2010 | 2011 | 2010 | 2011 | 2010 | 2011 | 2010 | 2011 | 2010 | 2011
100 % mineral N 262.0(252.0(18.11[18.00| 17.5 | 18.0 |611.1|641.0|144.1(139.0| 555 | 544 |12.21]11.97|16.12| 16.20
87.5 % mineral N + 1.0 kg humic [271.0(261.2|18.61]|18.50| 18.0 | 18.6 [641.2|664.0(149.0|144.1| 520 | 5.09 [11.44(11.20(17.50| 17.61
87.5 % mineral N + 1.5 kg humic [277.0(267.0|19.00118.92| 18.8 | 19.5 [661.3(690.2(152.4|146.9| 4.81 | 469 [10.58(10.32(18.92| 18.94
75 % mineral N + 1.5 kg humic ~ [282.0(271.0|19.30119.20| 19.0 | 19.5 [681.0(711.0(155.1|149.1| 442 | 431 | 9.72 | 9.48 (20.11|20.00
75 % mineral N + 2.0 kg humic ~ [284.0(275.0|19.17]19.61| 19.5 | 20.0 [701.2(750.0(156.2|151.3| 4.00 | 3.91 | 8.81 | 8.62 [21.50|21.40
62.5 % mineral N + 2.0 kg humic [246.9(237.0|17.22117.11| 165 | 17.0 [591.0(585.1(135.9[130.0| 6.41 | 6.31 [14.10(13.90(13.52| 13.50
62.5 % mineral N + 2.5 kg humic [254.0(244.0|17.60117.50| 17.0 | 17.5 [599.2611.1(140.0|134.0| 5.94 | 5.83 [13.00(12.83(14.71|14.70
50 % mineral N + 2.5 kg humic  [231.0(222.0|16.21]16.11| 15.0 | 155 [551.1|531.0(127.1|122.9| 7.11 | 6.99 [15.64 (1537 [11.22]| 11.21
50 % mineral N + 3.0 kg humic  [241.0(231.0|16.61]16.50| 155 | 16.0 [581.0(561.0(133.0[127.1| 6.75 | 6.63 [14.85(14.58(12.35| 12.30
New L.S.Dat 0.05 51| 52 |027 030 10| 10 |201]|211] 29 | 30 [033[029]|035]|036] 111|121

poureyon



Table (2): Effect of mineral N and humic acid treatments on some yield components of corn plants during 2010 and 2011

seasons.

No. of ears/ | Ear weight Ear length | Ear diameter | No. of rows kel\rglsoger 10(_) Kernel Wekfg;]ef:??g;.)/
Mineral N and humic acid plant ©) (em.) (mm) perear row weight (g.) ear

treatments 2010 | 2011 | 2010 | 2011 | 2010 [ 2011 | 2010 | 2011 | 2010 | 2011 | 2010 | 2011 | 2010 | 2011 | 2010 | 2011
100 % mineral N 1.46 | 1.45 |201.9|203.0| 17.4 | 175 [309.11|39.15[12.70| 12.75| 38.2 | 385 |33.77|33.50(163.8| 164.4
87.5% mineral N + 1.0 kg humic | 1.52 | 1.50 [217.8|218.8| 17.8 | 17.9 |40.12|40.16|12.80|12.84| 405 | 40.8 |34.10|33.83|176.8| 1772
87.5 % mineral N + 1.5 kg humic | 1.60 | 1.59 [227.2(228.6| 18.2 | 183 |41.90|41.95]|12.86|12.90| 42.0 | 42.4 [34.30|34.03 [ 185.3| 186.1
75 % mineral N+ 1.5 kg humic | 1.67 | 1.66 [234.9(236.3| 18.7 | 18.8 |42.95(43.00|12.9012.97| 43.1 | 43.4 |34.55|34.28[192.1|193.0
75 % mineral N + 2.0 kg humic | 1.70 | 1.69 [243.2(244.0| 191 | 192 |43.11(43.12|12.95|12.99| 44.2 | 445 |34.77|34.50[199.0| 199.4
62.5 % mineral N + 2.0 kg humic | 1.33 | 1.32 [1855|185.6| 16.6 | 16.6 |38.11|38.20|12.62|12.65| 35.9 | 36.1 |33.00(32.71|149.5| 149.4
62.5 % mineral N + 2.5 kg humic | 1.40 | 1.40 [194.4|194.9| 17.0 | 17.1 |38.91|93.00|12.66[12.71| 37.0 | 37.2 [33.50|33.23[156.9| 157.1
50 % mineral N + 2.5 kg humic | 1.13 | 1.12 [164.0|166.2| 16.0 | 16.0 |36.60|36.70|12.50 | 12.55| 33.0 | 33.3 [32.11]31.84[132.5| 133.1
50 % mineral N + 3.0 kg humic | 1.20 | 1.15 [171.7]173.0| 163 | 16.4 |37.11|37.20|12.55 | 12.60| 34.1 | 34.5 |32.50(32.22[139.1| 140.1
New L.S.Dat 0.05 023]021| 50| 49| 03|03 |051|051| NS | NS |060|062[016]015| 51 | 50
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Table (3): Effect of mineral N and humic acid treatments on shelling %, yield, yield components as well as proteins in seeds and

leaf N, P, K and Mg in the leaves of corn plants during 2010 and 2011 seasons.

e aci Shelling % Ggmty(';')d/ G]f:('j”tyc')ﬁ')d/ prci;i‘i% LeafN% | LeafP% | LeafK% | LeafMg%
freatments 2010 | 2011 | 2010 | 2011 | 2010 | 2011 | 2010 | 2011 | 2010 [ 2011 | 2010 | 2011 | 2010 | 2011 [ 2010 2011

100 % mineral N 81.11(81.00|230.1|238.4| 350 | 351 | 691 | 680 | 1.61 | 150 | 0.11 | 0.12 | 109 | 1.10 | 0.45 | 0.44
87.5 % mineral N+ 1.0 kg humic |81.18|81.11|268.7|265.8| 4.00 | 404 [ 7.11 | 700 | 1.68 | 156 | 0.14 | 0.14 | 1.17 | 1.11 | 0.44 | 0.49
87.5 % mineral N+ 1.5 kg humic |81.55|81.41|296.5|205.9| 431 | 425 [ 725 | 7.14 | 1.75 | 165 | 017 | 0.18 | 1.25 | 1.19 | 052 | 051
75 % mineral N+ 1.5 kg humic | 81.79|81.69|320.8|320.4| 471 | 451 [ 7.36 | 725 | 1.81 | 171 | 020 [ 021 | 134 | 1.28 | 055 | 0.54
75 % mineral N+ 2.0 kg humic | 81.81|81.71|338.4|337.0| 492 | 471 [ 750 | 739 | 1.88 | 1.76 | 023 | 024 | 1.40 | 1.34 | 0.60 | 0.59
62.5 % mineral N+ 2.0 kg humic |80.61|80.51|198.8|197.2| 2.88 | 284 | 6.11 | 6.00 | 1.41 | 131 | 026 | 025 | 1.46 | 1.40 | 0.63 | 0.62
62.5 % mineral N+ 2.5 kg humic |80.7180.60|219.7|219.9| 326 | 327 | 6.40 | 629 | 1.50 | 1.40 | 030 | 031 | 152 | 1.46 | 0.67 | 066
50 % mineral N + 2.5 kg humic | 80.80|80.31|149.7|149.7 | 2.10 | 221 | 580 | 570 | 1.25 | 1.14 | 034 | 033 | 160 | 154 | 0.71 | 0.70
50 % mineral N + 3.0 kg humic | 81.00|80.99|166.9|165.3| 238 | 235 [ 591 | 585|133 | 123 | 036 | 037 | 165 | 160 | 0.75 | 0.74
NewL.S.Dat0.05 NS | Ns | 112|122 021|025 | 011 | 011 | 006|007 | 002|002 | 0.05 | 005|003 | 003
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