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Abstract

A field experiment was carried-out at the Agriculture Research Station of
King Abdulaziz University during 2015/16 and 2016/17 seasons to optimize the
productivity of grain sorghum under three irrigation water regimes and three hu-
mic acid (HA) levels. The first water regime was received the full irrigation wa-
ter requirement (100% WR) while the second and the third water regimes re-
ceived 80% and 60% from the full irrigation water requirements. Water regimes
were investigated in main plots. The sub plots were three HA application levels
namely: 5, 10 and 15 kg/ha. Each HA level for each plot was sown on soil sur-
face and manually mixed with the upper 15 cm of soil surface before each plant-
ing date of the two. growing seasons. Results showed that, daily and seasonal
water supplies were reduced by decreasing the applied water regimes. As irriga-
tion water regime decreased grain yield and yield components significantly de-
creased. The average reduction over the two growing seasons in grain yield of
sorghum were 4.7% in 80% WR and 25.5% in 60% WR when compared with
full irrigation requirement treatment. Using HA by the level of 10 or 15 kg/ha as
soil amendment improved yield production and yield components in grain sor-
ghum. The increase in grain sorghum yield was 8% in 10 kg/ha level and 17.5 %
in 15 kg/h HA level when compared with 5 kg/ha as an average over the two sea-
sons. Irrigation water use efficiency (IWUE) was increased by decreasing irriga-
tion water regime and increased by increasing HA application level. The IWUE
of 80% WR with 15 kg/ha was significantly similar with 60% WR with 10 or
15kg/ha HA level. Finally, and according to the obtained results it can be con-
cluded that 80% WR with 15 kg/ha HA reduced the grain yield by only 4.7 %
while saved 20 % of irrigation water.
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Introduction a gluten-free diet. Sorghum is natu-

Sorghum can grow as fodder
and for human consumption in areas
relay under water stress. Sorghum has
a high concentration of potassium and
starch, it is less acidifying and is eas-
ily absorbed and tolerated by the sick
and diabetics, adults and even chil-
dren. Sorghum is a substitute for
wheat and is great for those requiring

rally high in fiber and iron, with a
high protein level as well. It is rich in
antioxidants, which are believed to
help lower the risk of cancer, diabe-
tes, heart disease and some neuro-
logical diseases. It is also full of poli-
cosanols that may have an impact on
human cardiac health. Sorghum can
remain green in dry season when
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most of the other crops dry up be-
cause it can survive when the mois-
ture levels are very low for any plant
to grow. When freshly chopped, it
can be given to cows, goats, sheep,
and even chickens because it has the
same energy levels as maize and
other cereals. Sorghum produces
much more forage than maize. This
crop grows again after it is cut for use
as fodder and harvesting of the
grains, it therefore reduces the costs
of replanting, land preparation and
time. Forage sorghums use
approximately 40-50% less water
than corn to produce the same dry
matter. (Miller & Stroup 2004).
Drought is one of the major lim-
iting factors to agriculture, and con-
sidered as the most important cause
of yield reduction in crop plants.
However, grain sorghum tolerates
and avoids drought more than many
other cereal crops, but the drought
response of sorghum does not come
without a yield loss. Menezes et al.,
(2015) evaluated forty-nine hybrids
of grain sorghum under normal irriga-
tion conditions or water stress in or-
der to select those likely to be more
tolerant of drought. Grain yield,
weight of 1000 grains, harvest index,
days to flowering, and plant height
were affected by water stress; how-
ever, grain yield showed the largest
relative reduction. Castro-Nava et al.,
(2012) found that drought stress sig-
nificantly reduced grain yield when it
was applied at the flag leaf stage
(24%) and at flowering (28%), but
not when drought occurred at panicle
initiation. Assefa et al., (2010) found
a 36% sorghum yield reduction when
water stress occurred during the vege-
tative stage and more than 55% yield
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reduction with water stress occurring
during the reproductive stage. Maha-
jan & Tuteja (2005) reported that
water stress has diverse effects on
physiology and development of sor-
ghum that determines its final yield
depending on the development stage
at which stress occurs. Water stress
occurring between pre- and post-
flowering in sorghum decreases seed
filling duration, seed size and num-
ber, thus leading to strong yield re-
duction or even total crop loss. The
high tillering of forage sorghum pro-
vides compensation when the main
stem is damaged by water stress, fos-
tering yield stability in rainfed areas.
Garofalo & Rinaldi (2013) found that
sorghum biomass has a high potential
productivity (3-4,000 g m %) of dry
matter in Mediterranean environ-
ments if it is supplied with an ade-
quate seasonal water amount, not less
than 300 mm. However, sorghum
showed a good adaptation to water
stress.

Focusing on techniques that can
improve water availability in summer
growing season might be increased
the production of summer crops. Be-
cause without any management rain
or irrigation water may be percolating
beyond root-zone, resulted in envi-
ronmental consequences and dimin-
ishes water reserves. Many scientists,
agronomists and farmers use humic
acid (HA) for improving soil condi-
tions and plant growth. Using such
type of soil amendments help to con-
serve water in root-zone area. There-
fore, water availability is increases
due to the reductions in run-off
and/or deep percolation that will ul-
timately cause increase in crop yield.
Humic compounds can help to im-
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prove the soil structure by increasing
the amount of pore space and enhanc-
ing the air exchange, water move-
ment, water holding capacity and root
growth. As a result, better drought
resistance and reduction in water us-
age can be done (Khattak & Mu-
hammad, 2006; Almarshadi & Ismail
2014 a and b). In plants, humic acids
have positive effects on enzyme ac-
tivity, plant nutrients, and growth
stimulant and are considered as a
“plant food”. Humic acid contains
51% to 57% C, 4% to 6% N and
0.2% to 1% P and other micronutri-
ents in minute amounts. Therefore, it
acts as source of plant nutrients (Te-
jada &Gonzalez, 2003; Admas et al.,
2015). The contents of humic sub-
stance from plant nutrients act as or-
ganic fertilizers and are energy
sources for bacteria, fungi, and
earthworms that live in the soil. Be-
side their contents from nutrients,
humic substances can chelate soil nu-
trients consequently improve nutrient
uptake, especially phosphorous, sul-
fur and nitrogen because they act as a
storehouse of N, P, S, and Zn (Davies
et al., 2004; Bandani et al., 2014).
Humic acid based fertilizers increase
crop yield (Mohamed et al., 2009).
As being from the literature, HA con-
sidered a wvital constituent and a
friendly part of soil organic structure.
Therefore, the main objectives of the
current study were to optimize the
productivity of grain sorghum as nu-
tritious and forage crop in the soils
treated with humic acid under the
scarcity of irrigation water and to
maximize irrigation water use effi-
ciency.

Material and Methods
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Experimental location, design and
treatments

To achieve the above-mentioned
objectives a field experiment was
conducted at the Agriculture Re-
search Station of King Abdulaziz
University located at Hada Al-Sham,
110 km north east of Jeddah, KSA
during the two growing seasons of
2015/2016 and 2016/2017. The soil
texture of the experimental site was
classified as sandy loam. The climate
of the area was arid, with high tem-
peratures during summer season. The
design of the experiment was split
plot with four replications. The main
plots were for three irrigation water
regimes. The first water regime was
full irrigation water requirement and
equal 100% of water requirements
(100% WR). The second and third
water regimes were 80% and 60%
from the full irrigation water re-
quirements (80% WR and 60% WR).
The sub-plots were treated with a
commercial product of HA, with a
granular presentation and a purity of
90%, produced by Pioneers Chemi-
cals (Saudi Arabia) in three propor-
tions (5, 10 and 15 kg/ ha). Each hu-
mic acid level for each plot (area of
the plot 2 m * 3 m = 6m°) was sown
on soil surface and manually mixed
with the upper 15 cm of soil surface
before each growing season. Surface
drip irrigation method was used under
the current study. Before installing
irrigation networks, the experimental
site was ploughed and leveled, and
then the irrigation network was in-
stalled. The dripper lines were in-
stalled on soil surface at 40 cm be-
tween two adjacent dripper lines. The
distance between drippers was 30 cm
the type of the dripper line was RAIN



Doi: 10.21608/ajas.2019.41276
Ismail, SM. and F.S. El-Nakhlawy, 2019

http://ajas.journals.ekb.eg/

BIRD LD- 06- 12-1000 Landscape
drip 0.9 G/h @12". Inlet pressure on
each tape was about 1.5 bars. The
system uses 125-micron disk filter.
The water source was from the in-
stalled containers.
Water requirement calculation

The required amount of water
for each water regime was calculated
by CROPWAT model based on the
average of 7 years metrological data
collected from the weathering station
presented in the experimental area as
follows:

ETc=Kc x ET0

Where:
ETc = Crop  evapotranspiration
(mm/day)
ETO = Reference evapotranspiration
(mm/day)
Kc = Crop Coefficient.

Reference  evapotranspiration
was calculated using Penman-

monteith equation as described by
Allen et al., (1998). Also, crop coef-
ficient values for grain sorghum listed
by Allen et al. (1998) was used. After
water requirements were calculated,
the control unit (timer) was adjusted
for the required time to supply the
calculated required amount of irriga-
tion water. The required irrigation
time for 100% WR treatments was
calculated from the dripper discharge,
the distance between drippers, and
number of drip lines. As the daily wa-
ter requirement was calculated in
100% WR treatments it reduced to be
80 % WR in the second treatment
and to be 60% WR in the third
treatment. Seasonal water supply for
each crop was obtained by the sum-
mation of daily water supply. The soil
preparation, planting date, seeding,
fertilization, weeding, and harvesting
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were done according to El-Nakhlawy
& Ghandorah (2010).
Data collection

Daily water supply was col-
lected alone each growing season and
then the seasonal water supply was
calculated. For grain sorghum crop,
the following traits were determined
on 10 guarded random plants in each
sub plot; heading date (no. of days
from planting to 50% heading), plant
height (cm). At harvesting, 100- grain
weight (g), grain yield/ha (t), biomass
yield /ha (t) and loss in yield in rela-
tion to irrigation water regimes were
measured. Moreover, irrigation water
use efficiency (IWUE) and water sav-
ing in relation to irrigation water re-
gime were calculated.
Statistical Analysis

The obtained data in each ex-
periment for each season were statis-
tically analyzed through analysis of
variance procedures to determine the
significance of the treatments and the
interactions. Means were separated
and RLSD test was used to compare
between the means after applying the
statistical analysis assumptions ac-
cording El-Nakhlawy (2010) using
SAS (2006).
Results
Daily and seasonal water supply

Results of daily water supply
are presented in Figure (1). The re-
sults show that, daily water supply for
all investigated water regimes along
the both growing seasons are in-
creased gradually till reached maxi-
mum after about 90 and 60 days from
planting in the first and the second
seasons respectively. Then start de-
crease to reach minimum at harvest-
ing. The highest water supply was
recorded in 100% WR treatment fol-
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lowed by 80% WR and 60% WR
treatment respectively.

Seasonal water supply was ob-
tained from the summation of daily
water supply along the growing sea-
son. The data are visualized in figure
(2). Results clearly show that sea-
sonal water supply was decreased by
decreasing irrigation water regime.
The least seasonal water supply ob-
tained from 60% WR treatment fol-
lowed by 80% WR treatment. The
highest seasonal water supply was
recorded in 100% WR treatment. The

results also clearly indicated that,
seasonal water supply of the second
growing season was lower than that
of the first growing season.
Agronomical traits of grain sor-
ghum
Analysis of variance

Analysis of variance of the grain
sorghum traits under the effects of
irrigation water regimes, humic acid
levels and their interactions during
both growing seasons are presented in
Tables (1 and 2).
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Figure 1. Daily water supply (mm) for grain sorghum under the effect of different irri-
gation water regimes during the growing seasons of 2015/16 and 2016/17.
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Figure 2. Seasonal water supply (mm) for grain sorghum under the effect of different
irrigation water regimes during the growing seasons of 2015/16 and 2016/17.

The results of the analysis of
variance showed significant effects
for irrigation water regime, HA levels
and their interaction on all studied
grain sorghum traits and IWUE in
both seasons.

Mean comparisons
Effect of water regimes

The statistical comparisons be-
tween the means of the studied traits
under the three-irrigation water re-
gimes in the two growing seasons us-
ing RLSD (0.05) for heading date,
plant height and 100 grain weight are
presented in Table (3). The results
revealed that, heading date signifi-
cantly decreased as water supply de-
creased in both seasons. Under 100%
WR, heading dates were 54.08 and

55.60 days in the first and second
seasons, respectively. Under the 60%
WR heading dates were 49.58 and
51.43 days in the two seasons, re-
spectively. Plant height means sig-
nificantly decreased as water re-
quirements decreased in both seasons.
The tallest plants mean (124 and 130.
7 cm) were recorded in 100% WR
followed by (98.0 and 114.96 cm) in
80% WR and (87.50 and 91.92 cm) in
60% WR for the two growing sea-
sons, respectively. Similarly, 100-
grain weight were significantly re-
duced by reducing water require-
ments where the highest 100-grain
weight was recorded in 100% WR
while the least was recorder in 60%
WR treatment.

Table 1. Analysis of variance for heading date, plant height and 100-grain weight
for grain sorghum during 2015/2016 and 2016/2017 seasons.

Heading date Plant height 100-grain weight
Source of Variation df (day) (cm) (g)
2015/16 | 2016/17 2015/16 2016/17 | 2015/16 | 2016/17
Replicates 3 322NS | 1.33NS | 57.59NS | 33.95NS | 0.01 NS | 0.24 NS
Water Regime (WR) 2 61.19%* | 29.36** | 4237.0%* | 4653.24** | (0.39** 0.48%*
Error “a” 6 3.97 2.55 72.25 89.25 0.02 0.08
Humic acid levels(HA) 2 48.69** 8.03* 391.58* 142.27* 0.18** 0.18 *
WR * HA 4 10.98** 0436* 86.20* 120.47* 0.13* 0.16*
Error “b” 18 2.78 1.36 28.03 37.81 0.02 0.05

NS : not significant at at p < 0.05, *,**: significant at at p < 0.05 and at p < 0.01, respectively.
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Table 2. Analysis of variance for grain and biomass yields and IWUE for grain
sorghum during 2015/2016 and 2016/2017 seasons.

Grain yield Biomass yield IWUE
Source of Varia- df (t/ha) (t/ha) kg/mm/ha

tion 2015/16 | 2016/17 | 2015/16 | 2016/17 | 2015/16 | 2016/17
Replicates 3 | 027NS | 0.13NS 1]2\1'32 21.36NS | 3.02NS | 1.67NS
Water Regime (WR) | 2 7.58%% | 1.44%* | 350.17%* | 184.40%* | 10.18** | 10.99*
Error “a” 6 0.06 0.12 21.58 12.73 1.12 1.56
%‘K‘;C acid levels 2 2.35%* 0.46* 20.23* | 0.86NS | 6.42%x 5.09%
WR * HA 4 0.37* 0.36* 24.80% | 27.86% | 4.89%* 4.20%
Error “b” 18 0.05 0.09 4.11 5.35 0.79 1.32

NS : not significant at at p < 0.05, *,**: significant at at p < 0.05 and at p < 0.01, respectively.

Results of grain and biomass
yields and IWUE are presented in
Table (4). Results revealed a reduc-
tion in grain yield by reducing the
water requirements. The reduction in
grain yield/ha recorded in the treat-
ment of 80% WR was only 1.36%
and 8% in the first and second sea-
son, respectively as compared with
100% WR. When water regime was

reduced to be 60% WR the reduction
in grain yield was sharply decreased
to be 24.2% and 26.8% in the two
seasons. Biomass yield/ha ranged
from 21.06 to 10.44 t/ha in the first
season and from 18.99 to 9.81 t/ha in
the second season under 100% WR
and 60% WR treatments, respec-
tively.

Table 3. Means of heading date, plant height and 100-grain weight for grain sor-
ghum under the effect of irrigation water regime in the growing seasons of

2015/16 and 2016/17.

Heading date Plant height 100-grain weight
Investigated water (day) (cm) (2
regimes

2015/16 2016/17 2015/16 2016/17 2015/16 2016/17

100 % WR 54.08 a* 55.60 a 124.00 a 130.67 a 2.28 a 2.83a
80 % WR 51.50b 54.05b 98.00 b 114.96 b 2.17a 2420b
60 % WR 49.58b 5143 ¢ 87.50 ¢ 91.92 ¢ 1.93b 2.12¢
RLSD (0.05) 1.90 1.07 8.49 9.64 0.15 0.29

"Means followed by the same letter are not significantly different according to

RLSD at p < 0.05.

Irrigation water use efficiency
(IWUE) significantly increased by
decreasing irrigation water regimes
from 100% WR to 80% WR and 60%
WR treatments. No significant differ-
ences were found between IWUE of
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80% WR and 60% WR. The least
IWUE (8.51 kg/mm/ha and 11.10
kg/mm/ha) were measured in 100%
WR treatment in the first and second
season, respectively. IWUE of 80%
WR and 60% WR treatments were
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significantly similar. IWUE means
were 10.50 and 10.79 kg/mm/ha in
the first season and 12.76 and 13.55

kg/mm/ha in the second season for
80%WR and 60% WR treatments,
respectively.

Table 4. Means of grain and biomass yields and IWUE for grain sorghum under
the effect of irrigation water regime in the growing seasons of 2015/16 and

2016/17.
Grain yield Biomass yield IWUE

Investigated water re- (t/ha) (t/ha) kg/mm/ha
gtmes 2015/16 | 2016/17 | 2015/16 | 2016/17 | 2015/16 | 2016/17
100 % WR 5.87 a* 560a 21.06 a 19.66a | 851b 11.10b
80 % WR 579a 5.15b 17.10 a 16.13a | 10.50a 12.76 a
60 % WR 4.45b 4.10 ¢ 10.44 b 981b | 10.79a | 13.55a
RLSD (0.05) 0.23 0.35 4.64 3.56 1.19 1.27

"Means followed by the same letter are not significantly different according to RLSD at
p <0.05. IWUE: irrigation water use efficiency

Effect of humic acid levels

Means of heading date, plant
height and 100- grain weight for
grain sorghum traits as affected by
HA levels in the two growing seasons
are presented in (Table 5). Results
revealed that, heading date delayed
by 2.4 and 4.0 days in 10 and 15
kg/ha HA levels when compared with
5 kg/ha HA levels in the first season.
In the second season no significantly
difference was found between 10 and
15 kg/ha HA levels in the heading

date but they significantly different
from that of 5 kg/ha HA. Heading
dates in the second season ranged
from 52.25 days in 5 kg/ha HA to
54.95 days in 15 kg/ha HA levels.
No significantly differences were
found among plant height means un-
der 10 and 15 kg/ha HA levels in
both seasons. The tallest plants were
recorded under the highest HA levels
and the shortest were measured under
the lowest HA levels.

Table 5. Means of heading date, plant height and 100-grain weight for grain sor-
ghum under the effect of humic acid levels in the growing seasons of 2015/16

and 2016/17
Heading date Plant height 100-grain weight
Humic acid levels (day) (cm) (2)
2015/16 | 2016/17 | 2015/16 | 2016/17 | 2015/16 | 2016/17
5 kg/ha 49.58 ¢c* | 52.25D 97.08b | 109.50b | 2.03b 2.36Db
10 kg/ha 52.00b 54.45 a 104.00a | 111.95ab | 2.09b | 2.47 ab
15 kg/ha 53.58 a 5495a | 10842a | 116.10a | 2.26a 2.55a
RLSD (0.05) 1.24 0.88 5.28 5.52 0.12 0.20
"Means followed by the same letter(s) are not significantly different according to RLSD at p < 0.05
Plant height means ranged from in the second season. 100-grain

97.08, to 108.42 cm in the first sea-
son and from 109.50 cm to 116.10 cm
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weights were increased by increasing
HA application levels however, the
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increase was significant only between
15 kg/ha and the other treatments.
The increase in 100-grain weights of
80% WR and 60% WR treatments
was statistically similar.

Results of the effect of humoc
acid application levels on grain and
biomass yields and IWUE are pre-
sented in Table (6). Results indicated
that, grain yield/ha significantly in-
creased by increasing HA levels in
both seasons. The increases in grain
yield were 9.35% and 18.09% in the
first season and 8.35 and 16.8% in the
second season for 10 and 15 kg/ha
HA levels when compared with the
grain yield of 5 kg/ha HA levels. No
significantly differences were found
in biomass yield/ha when comparing
10 and 15 kg/ha HA levels or when
comparing 5 and 10 kg/ha HA levels
in both seasons. Biomass yield/ha
ranged from 15.19 to 17.17 t/ha in the
first season and from 13.66 to 16.68
t/ha in the second season. No signifi-
cant differences were found between
IWUE means under 10 and 15 kg/ha
HA levels or between 5 and 10 kg/ha
HA levels in both seasons. The high-
est IWUE (10.82 and 13.44
kg/mm/ha) were obtained from the
treatment of 15 kg/ha HA levels in
the two seasons, respectively. The
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least significant IWUE was found in
the treatment of 5 kg/ha HA levels
with values of 9.05 and 11.51
kg/mm/ha in the first and second sea-
sons, respectively.
Effect of the interaction between
water regimes and humic acid lev-
els

Means of heading date, plant
height and 100-grain weight as af-
fected by the interaction between the
irrigation water regimes and humic
acid levels in the two growing sea-
sons are presented in Table (7). Re-
sults showed that, the highest heading
dates in all interaction treatments
were 57.24 and 56.80 days which re-
corded in 100% WR with 15 kg
HA/ha in the first and the second sea-
sons, respectively. No significant dif-
ferences were found among heading
dates of the treatments of 60% WR+
15 kg/ha HA, 60% WR + 10 kg/ha
HA, 80% WR + 10 kg/ha HA and
80% WR + 5 kg/ha HA in the first
season. In the second season no sig-
nificant differences were found be-
tween heading dates of 80% WR + 10
or 15 kg/ha HA and 100% WR + 5
kg/ha HA levels. Heading date
ranged from 57.24 to 48.5 days in the
first season and from 56.80 to 50
days in the second season.
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Table 6. Means of grain and biomass yields and IWUE for grain sorghum under

the effect of humic acid levels in the

rowing seasons of 2015/16 and 2016/17

Grain yield Biomass yield IWUE
Humic acid levels (t/ha) (t/ha) kg/mm/ha
2015/16 | 2016/17 | 2015/16 |2016/17 | 2015/16 | 2016/17
5 kg/ha 492c* | 457c 15.19b | 13.66b | 9.05b | 11.51b
10 kg/ha 538b | 495b | 1676ab | 227 | 9.93ab | 12.46ab
15 kg/ha 58l a 534 a 17.17a | 16.68a | 10.82a | 13.44a
RLSD (0.05) 0.22 0.27 1.75 2.08 0.98 1.03

"Means followed by the same letter(s) are not significantly different according
to RLSD at p <0.05. IWUE: wrrigation water use efficiency

Plant height means under the 9
interaction treatments showed that all
HA levels for 100% WR produced
the tallest plants in both seasons. No
significant differences were found
between the 80% WR + 15 kg/ha HA
when compared with the treatments
of 100% WR + 5 kg/ha HA levels in
the second season. In the first season
plant height means ranged from
128.26 c¢cm to 83.77 cm while in the
second season ranged from 134.24
cm to 88.50 cm under the treatments

of 100% WR + 15 kg/ha HA and
60% WR + 5 kg/ha HA levels, re-
spectively.

No significant difference was
found between 100-grain weight un-
der 100% WR with 5 kg/ha HA and
80% WR with 15 kg/ha HA. The
100-grain weight ranged from 2.40 g
to 1.71g 1in the first season and from
2.92 to 2.01 in the second season un-
der the treatments of 100% WR with
15 kg/ha HA and 60% WR with5
kg/ha HA levels, respectively.

Table 7. Means of heading date, plant height and 100-grain weight for grain sor-
ghum under the effect of the interaction between irrigation water regimes
and humic acid levels for the growing seasons of 2015/16 and 2016/17.

Irrigation H.umic Heading date Plant height 100-grain weight
water acid lev- (day) (cm) (2)
regime els 2015/16 | 2016/17 | 2015/16 | 2016/17 | 2015/16 | 2016/17

(kg/ha)
100 % 5 51.25 54.00 119.10 | 127.65 2.21 2.72
WR 10 53.76 56.00 124.75 | 130.11 2.24 2.85
15 57.24 56.80 128.26 | 134.24 2.40 2.92
5 49.00 52.75 88.50 112.36 2.16 2.34
80 % WR 10 51.27 53.85 96.53 114.27 2.12 2.42
15 54.28 55.55 109.05 | 118.25 2.24 2.50
5 48.50 50.00 83.77 88.50 1.71 2.01
60 % WR 10 51.00 51.80 90.78 91.46 1.94 2.13
15 49.25 52.50 88.02 95.80 2.14 2.24
RLSD (0.05) 2.47 1.73 9.16 9.56 0.21 0.34
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Concerning grain yield/ha under
the effects of the interaction treat-
ments, the results presented in Table
(8) showed that, the highest grain

yield/ha produced from 100% WR
with 15 kg/ha HA and 80% WR with
15 kg/ha HA in the first season.

Table 8. Means of grain and biomass yields and IWUE for grain sorghum under
the effect of the interaction between irrigation water regimes and humic acid
levels for the growing seasons of 2015/16 and 2016/17

Irrigation | Humic acid Grain yield Biomass yield IWUE
water level (t/ha) (t/ha) kg/mm/ha
regime (kg/ha) 2015/16 | 2016/17 | 2015/16 | 2016/17 | 2015/16 | 2016/17
100 % 5 5.46 5.08 19.97 17.22 7.93 10.07

WR 10 5.89 5.61 21.21 19.74 8.56 11.12

15 6.23 6.12 22.01 22.02 9.05 12.13

5 5.55 4.85 16.78 15.41 10.08 12.01

80 % WR 10 5.74 5.14 17.62 15.58 10.34 12.73
15 6.10 5.46 18.04 17.41 11.08 13.52

5 3.77 3.77 8.83 8.34 9.13 12.45

60 % WR 10 4.50 4.10 11.03 10.48 10.90 13.54
15 5.09 4.44 11.46 10.62 12.33 14.66

RLSD (0.05) 0.33 0.47 3.01 6.07 1.33 1.78

No significant differences were
found between grain yield/ha under
80% WR with10 kg/ha or 15 kg/ha
HA and 100% WR with 5 kg/ha HA.
Grain yield/ha ranged from 6.23 to
3.77 t/ha in the first season and from
6.12 to 3.77 t/ha in the second season
under the treatments of 100% WR
with15 kg/ha HA and 60% WR with
5 kg/ha HA levels. Biomass yield/ha
as affected by the interaction treat-
ments showed insignificant differ-
ences among the treatments of the
100% WR with 5 kg/ha HA and 80%
WR with 10 or 15 kg/ha HA in both
seasons.

The biomass yield/ha ranged
from 22.01 to 8.83 t/ha in the first
season and from 22.02 to 8.34 t/ha in
the second season under the treatment
of 100% WR with 15 kg/ha HA and
60% WR with 5 kg/ha HA levles, re-
spectively. Results of IWUE as affect
by the interaction treatments indi-
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cated that, the highest IWUE was ob-
tained from the treatment of 60% WR
with 15 kg/ha HA and were 12.33
and 14.66 kg/mm/ha in the first and
second seasons, respectively. The
least TWUE were obtained from
100% WR treatment under 5 kg/ha
HA application level.
Water saving in relation to water
regimes

Results presented in table (9) for
loss in yield and water saving in rela-
tion to applied water regimes indi-
cated that, decreasing irrigation water
regime from 100% WR to 80% WR
reduced grain yield by only 1.36% in
the first season and by 8.07% in the
second season. Further reduction in
water supply to be 60% of crop water
requirement severely reduced grain
yield by 24.19% in the first season
and 26.78 in the second season. the
reduction in grain yield was met by
large amount of water saving. The
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saved water from crop water re-
quirement reduction were 20% and
40% of irrigation water supply for

80% WR and 60% WR treatments
respectively.

Table 9. Means of grain yield, total water supply, loss in yield and water saving of
grain sorghum under the effects irrigation water regime during the growing
seasons of 2015/2016 and 2016/2017.

L Grain vield Total water sup- Loss in yield in Water saving in
Irrigation y ply relation to WR relation to WR
water regime (kg/ha) (mm) (%) (%)

o,
(WR%) 2015/16 | 2016/17 | 2015/16 | 2016/17 | 2015/16 | 2016/17 | 2015/16 | 2016/17
100 %WR 5870 5600 688.1 504.6 - - - -
80 %WR 5790 5150 550.5 403.7 1.36 8.07 20.0 20.0
60 %WR 4450 4100 412.8 302.8 24.19 26.78 40.0 40.0
Discussions continue up to march. Due to the

Daily and season water supply
There were gradual reduction in
daily and seasonal water supply as a
result of reducing water regimes from
100% WR to 80% WR and 60% WR.
This behavior is expected because the
supplied water was only 80% and
60% of full water requirement (100%
WR). Similar results were reported
by, Ismail (2016); Ismail & Almar-
shadi (2013). Results also showed
that, seasonal water supply during the
second growing season was lower
than that of the first growing season.
The results might be attributed to the
length of the growing season and the
time of cultivation. The length of the
second growing season was reduced
by about one month compared to the
first season. This reduction in grow-
ing season met by a reduction in sea-
sonal water supply as clearly indi-
cated by the results. Time of planting
for the first season was at late No-
vember, while the planting time was
at November 1% in the second grow-
ing season. As a result, the growth
period during the first season was
continue up to April but in the second
growing season the growth period
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change in weather conditions espe-
cially temperature, relative humidity
and wend speed the crop water re-
quirement gradually increased from
January to April, therefore the crop
water requirement in the first season
was higher than that of the second
growing season. Irrigation amount
varied with weather conditions, irri-
gation methods and levels (Ismail,
2012; Ismail & Almarshdi, 2013).
Effect of irrigation water regimes
on yield and yield components

Drought stress caused a signifi-
cant reduction in most of the studied
grain sorghum characters. In cereals,
yield losses are caused mainly by the
reduction in starch accumulation dur-
ing flowering or grain development
(Barnabas et al., 2008). The effects of
drought on grain sorghum depended
on when drought stress occurred dur-
ing development (Castro-Nava et al.,
2012).

Grain yield/ha significantly de-
creased as irrigation water require-
ment decreased from 100% to 80%
and 60%. This significant decrease in
the grain yield/ha might be due to the
adversely effects of the irrigation wa-
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ter stress on the physiological, bio-
chemical and metabolism procedures
within the plants. Water stress re-
duces photosynthesis; the most im-
portant physiological processes that
regulate development and productiv-
ity of plants (Menezes et al., 2015;
Hamza et al., 2016). The reductions
in seed yield components due to the
decrease in irrigation water supply
might be due to the decline in plant
height, leaf gas exchange and leaf
area, which resulted in reduction of
photosynthetic level due to the un-
availability of water nutrients in the
soil (Ghaafar et al., 2014; Bandani et
al., 2014).
Effect of humic acid on yield and
yield components

The obtained results showed an
increase in the grain yield, yield
components by increasing HA levels.
The results might be due to the posi-
tive effects of HA in improving
physical (Almarshadi &  Ismail
2014b), chemical and biological
properties of soils (Mikkelsen, 2005).
The role of HA is well known in con-
trolling soil-borne diseases, improv-
ing soil health, nutrient uptake by
plants, mineral availability and fruit
quality, etc (Mauromicale et al.,
2011). Humic acid based fertilizers
increase crop yield (Mohamed et al.,
2009), stimulate plant en-
zymes/hormones and improve soil
fertility in an ecologically and envi-
ronmentally benign manner (Sarir et
al., 2005). Humic acid increased the
level of adsorption of mineral ions on
root surfaces and their penetration
into the cells of the plant tissue (Sar-
war et al., 2014). Humic acid con-
tains 51% to 57% C, 4% to 6% N and
0.2% to 1% P and other micronutri-

284

ents in minute amounts. Therefore, it
acts as source of plant nutrients (Te-
jada & Gonzalez., 2003). Beside their
contents from nutrients, humic sub-
stances can chelate soil nutrients con-
sequently improve nutrient uptake,
especially phosphorous, sulfur and
nitrogen because they act as a store-
house of N, P, S, and Zn (Davies et
al., 2004).
Effect of water regimes and humic
acid on irrigation water use effi-
ciency

Results clearly showed an in-
crease in IWUE by decreasing water
regime and increasing HA application
level. The increase in IWUR as a re-
duction of water regime might be due
to several reasons. Water stress under
low water regimes (80% WR and
60% WR) decreased losses especially
runoff and deep percolation. IWUE
was found to increase as a result of
reducing deep percolation, canopy
interception, soil type, and cultural
and management practices (Ismail,
2016). Increasing yields under water
stress treatment due to the wise use of
irrigation water by investigated crops
increase IWUE. Similar results re-
ported by Lindenmayer et al. (2008),
and Ismail (2016). Irrigation water
use efficiency was also increased by
increasing HA application level. The
results might be due to the enhance-
ment in retained soil water under high
level of HA. Increasing soil water
content increased yield production
because the growth and yield is a
great concern with improves soil
conditions including water availabil-
ity. All of the above mentioned fac-
tors increased yield production per
unit of water consequently increased
IWUE, (Madani et al, 2012; Ismail
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& Almarshadi 2013; Ismail 2016; Ih-
san et al., 2016).
Conclusions
The obtained results clearly re-
vealed that, daily and seasonal water
supplies were reduced by decreasing
the applied water regimes. As irriga-
tion water regime decreased yield and
yield, components significantly de-
creased. The reduction in grain yield
of sorghum were 4.7% and 25.5% for
the same treatments over two grow-
ing seasons. Using HA by the levels
of 10 or 15 kg/ha as soil amendment
improved yield production and yield
components in grain sorghum. The
increase in grain sorghum yield was
8% and 17.5 % for the same treat-
ments over the two growing seasons.
No significant differences were
showed between gain yield, biomass
yield and yield components under 10
and 15 kg/ha HA levels. IWUE was
increased by decreasing irrigation
water regime and increased by in-
creasing HA application level. The
IWUE of 80% WR with 15 kg/ha was
significantly similar with 60% WR
with 10 or 15kg/ha HA levels. The
results clearly indicated that 80% WR
with 15 kg/ha HA treatment could be
the best treatment to be applied under
the condition of this experiment be-
cause it reduced the yield by about
1.36% - 8.07 % while saved 20 % of
irrigation water.
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