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Abstract
A field experiment was conducted at the Changwu Experimental Station in Changwu County, Shaanxi Province, in
northwestern China from 2010 to 2011 with four treatments and six replicates in a randomized complete block design to
determine appropriate dripper discharge and irrigation frequency for maize (Zea mays, L.) irrigated by drip irrigated system.
Dripper discharge was applied to maize 1L/h of dripper discharge, 2 days irrigation frequency and 100% of evaporation
from a class a pan (T1), 2, 3 and 4 L/h corresponding to 4, 6 and 8 days irrigation frequency, and deficit irrigation water
levels was 90%, 80% and 70% of evaporation (T2, T3 and T4), respectively. The results indicated that longest root, root
activity, plant height, leaf area, biomass and grain yields values were highest in T1 in both years. The highest grain yield
was obtained of 8.78 and 8.84 t ha-1 under T1 in both years, and the minimum yield was obtained with 8.15 and 7.78 t ha-1
under T4 in 2010 and 2011, respectively. The maximum irrigation water use efficiency (IWUE) was 3.247 and 3.283 kg m-3
in both years under T4. Despite the reduction of growth and grain yield in T3, the dripper discharge was 3L/h, 6 days
irrigation frequency and 80% of evaporation was still high and acceptable for maize production and irrigation water use
efficiency in Loess Plateau of Northwest China.

Introduction
Drought and water shortage is more serious in
Northwest China, particularly in the Loess Plateau. The
waste of water resources is a major issue. Surface
irrigation methods are used on more than 80% of the
world’s irrigated lands yet their field-level application
efficiency is often only 40-50% (Bhattaral et al., 2011).
There are amount of literatures on conserving and
utilizing water with drip irrigation and other methods
(Phene & Howell, 1984; Cai et al., 2003; Maisiri et al.,
2005; Lal, 2009). For the reason of future food demand
had a strong competition for limited land and water
resources, this will necessitate a study of improving the
efficiency of water and increasing grain yield.
The irrigation studies have made great achievements
on improving the efficiency of water and ensuring food
security, but still has great potential for improving water
use efficiency in many field crops (Fereres & Soriano,
2007). Dukes & Scholberg (2005) reported that high
frequency irrigation with reducing irrigation amounts can
maintain crop yields. Kang et al., (2002) reported that
limited water application does not decrease yields and but
increases water use efficiency. A two year study carried
out by Abdullah (2006) in Turkey indicated a 4 day
irrigation frequency and 90% ET water application by a
dripper system would be optimal for corn grown in semiarid regions. Increasing the amount of water applied while
planting in furrows improved economical and biological
water use efficiency (Lack et al., 2012). Some studies
have focus on the effects of irrigation on the production of
maize (Pandey et al., 2000; Stone et al., 2001b; Dagdelen
et al., 2006; Payero et al., 2006; Abdullah, 2008; Oktem,
2008; Perveen et al., 2010). The optimum efficiency is
deficit irrigation in 80% level treatment (Hussein et al.,
2011;Salemi et al., 2011). Modarres et al., (1998)
indicated plant height and ear height increased under high
density of maize. Decreases in leaf area, plant height and

biomass yield were attributed to the fluctuations of
rainfall (Amanullah et al., 2009).
Fresh ear yield was reduced as the amount of irrigation
water decreased (Oktem et al., 2003). Liu et al., (2012)
indicated the leaf area index was not affected by irrigation
patterns under similar plant density. Dukes & Scholberg
(2005) indicated 23 cm deep subsurface drip irrigation is a
feasible alternative to sprinkler irrigation in sandy soils.
Kang et al., (2002) reported that grain yield response to
irrigation varied considerably because of differences in soil
moisture content and irrigation scheduling between
seasons. Ayars et al., (1999) indicated a slight deficit might
decrease deep percolation and increased irrigation
efficiency.
In summary, while authors often assume full
irrigation for crops using drip irrigation systems is
preferable to deficit irrigation, and many scholars
indicated the optimum deficit level of irrigation is the
most advantageous. Irrigation frequency is one major
management variable with drip irrigation systems and
have few studies have been conducted to determine the
effects of irrigation frequency regimes on maize growth.
Scant evidence exists that is related to any previous
investigations of the effects of dripper discharge on the
yield of maize in the northwestern China. The present
experiment was the first conducted on the Loess Plateau
to study the influence of dripper discharge and irrigation
frequency management on the yield of maize. The
objectives of this study were to evaluate the effects of
different dripper discharge under four irrigation
treatments and to evaluate their effect on maize, and to
compare these treatments and to determine the most
appropriate dripper discharge and irrigation scheduling
designed to conserve irrigation water and improve
IWUE for maize with drip irrigation systems in the
Loess Plateau of northwestern China.
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Materials and Methods
Experimental and soil description: This study was
conducted during 2010 and 2011 at the Changwu
Experimental Station for agricultural and ecological
experimentation station, Shaanxi Province, China. The
experimental field is located on the Loess Plateau
(altitude: 1200 m; 35º12´ N and 107º40´ E) of
northwestern China. The warm, semi-humid continental
monsoon climate has a mean annual rainfall, evaporation,
temperature and sunshine duration of 580 mm, 1500 mm,
9.1°C and 2230 h, respectively. The soil of experimental
field had a light loamy texture. Field capacity of the soil
was 27.5% (dry basis), the permanent wilting point was
12.6% with bulk density of 1.38 g cm–3. The topsoil (0-20
cm) has a pH of 8.1, and organic content of 14.77 g kg−1,
total nitrogen, phosphorus and potassium were 0.81 g
kg−1, 0.53 g kg−1 and 15.46 g kg−1, respectively. Nitrate
nitrogen, ammonium nitrogen and available phosphorus
(Olsen test) were 68.5 mg kg−1, 7.89 mg kg−1 and 23.34
mg kg−1, respectively (Lehmann, 2003; Dang et al., 2006;
Amanullah & Khan, 2010).
Experimental design and irrigation scheduling: The
experiment used randomly assigned field plots with six
replicates per treatment with the four treatments
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designated as T1, T2, T3 and T4. The four dripper flow
rates in the surface drip irrigation system's four
treatments were 1 L/h (T1), 2 L/h (T2), 3 L/h (T3), 4 L/h
(T4). Irrigation water was applied as follows: 100%,
90%, 80% and 70% of evaporation of a Class A Pan
with a 2-, 4-, 6- and 8-day irrigation frequency for T1,
T2, T3 and T4, respectively. The drip irrigation systems
were installed each year after the maize seed were
planted. The drip tube in each plot consisted of five rows
of 7.5 m long and 50 cm apart between the rows with 20
cm spacing in each row. Each plot had one valve, one
flow meter, and one pressure gauge to control the
operating pressure and measure the irrigation volume
(Fig. 1). Irrigation treatments were started using surface
drip irrigation system when the water content of soil
decreased to 50% of available soil water measured by
the oven method.
In this study, Merit hybrid maize (Liyu 18) was used.
The seeds were sown on 21 April 2010 (day of year: 134)
in the first year and on 25 April 2011 (day of year: 141) in
the second year. At sowing, 80 kg N ha-1 (urea) and 60 kg
P ha-1 (single super phosphate) were applied uniformly to
the field before planting, and this was followed by160 kg
ha-1 N as urea which was applied to each plot when the
plant reached 50-60 cm height (at 60, 66 days after
sowing in 2010 and 2011).

Fig. 1. The layout of experiment included a water-flow meter, plugs and spherical valves, the corn rows and drip tape position of
different emitter discharge treatments in four plots in the greenhouse.

Data collection and measure: The six representative
root samples were collected from different root zones in
38, 70, 92 and 134 days after sowing. To collect the
roots a vertical incision was made with shovel from half
of plant and row spacing, vertical incision until not to
see the root hairs, then remove and soak the soil column

in water, when the soil column become unconsolidation, flush it to get the complete root and put it
on graph paper to measure length.
First to take root tip (0.5g) into small beaker and then
add 0.4% TTC solution and phosphate buffer (pH7.5)
solution 5 ml for each sample, and make the root fully
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immersed in the solution. In 37oC with constant
temperature in a dark condition for one hour, then
immediately join 1 mol/L sulfuric acid 2 ml in order to stop
the reaction. Second to remove the root tip with filter paper
blot moisture and mix with 3-4 ml ethyl acetate and a small
amount of quartz sand in mortar grinding in order to extract
TTF. The red leaching liquid filter into the tube, and a
small amount of ethyl acetate residue washing it 2-3 times,
filter into the test tube, and finally with ethyl acetate make
overall product for 10 ml. Use spectrophotometer in the
wavelength of 485 nm with a blank color was used to
measure absorbance, a standard curve was used to
determine the TTC reduction amount. Root activity was
obtained using the following formula:
Root activity = C / (1000×W×H) [mg TTF / (g×H)]
where C is the TTC reduction amount (µg), TTC is
tripheye tetrazolium chloride, TTF is TTC after reduction
of material, W is root weight (g) and H is time (hour).
Data were collected on mean individual plant and
leaf area plant-1, plant and ear heights, and biomass yield
were measured at various growth stages. Leaf area, length
and width of six leaves were measured using a leaf area
machine in the Agronomy laboratory and the factor (0.75)
was calculated in each treatment. Length and width of the
five middle leaves of 6 plants in each sub plot were
measured using measuring tape. Mean leaf area and leaf
area per plant was obtained using the following formulas
according to (Amanullah et al., 2009):
Mean Leaf area = Leaf length x Leaf width x 0.75
Leaf area per plant = Mean leaf area x Number of leaves
per plant
When kernel humidity declined to 70-75%, ears from
two rows in the center of each plot (50 plants) were
harvested manually on September 2 in 2010 and
September 13 in 2011. Plant height was obtained by
measuring the height of six plants from ground level to
the tips of the tassels at physiological maturity and then
average plant height was determined. Similarly, ear height
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was recorded by measuring the height of six plants from
ground level to the top ear at physiological maturity and
then average ear height was determined. Six plants in the
four middle rows in each experimental unit were
harvested at silking and physiological maturity. The
plants were dried, weighed and then converted to biomass
yield ha-1. The spike length, grain weight per spike and
1000 grain weight was also measured.
An analysis of variance (ANOVA) was conducted on
longest root, root activity, biomass, spike length, panicle
weight, 1000 grain weight and grain yield using PROC
GLM (SAS 9.2, SAS institute Ltd., USA). Duncan’s
multiple range tests at 0.05 probability level was used for
paired mean comparison.
Results
Root distribution: The maize root vertical distribution
was measured under different dripper discharge patterns
and no significant difference in the longest root has found
between treatments 38 days after sowing which means the
dripper discharge, irrigation frequency and deficit
irrigation during the vegetative growth stage did not
affected root system development, and the fine root
system were concentrated below the head of the dripper
on the soil wetting pattern in both years. Application of
dripper discharge significantly decreased the length of the
longest root at 70 days after sowing, when the maximum
length of the longest root was 74.1 cm in 1L/h dripper
discharge T1 while the minimum was 34.6 cm in 4L/h
dripper discharge T4 during 2010 (Table 1). In 2011, the
values were 67.1 cm for the maximum and 42.5 cm for
the minimum in the T1 and T4 treatments, respectively.
The results were similar in both years. Longest root
significantly longer in T1 than others at 92 days after
sowing: the results are more significant during the harvest
season. The explanations of this phenomenon could be
that a higher frequency of irrigation would produce a
smaller soil wetting pattern in the upper soil layer and the
increase of dripper discharge and growth period of maize
affects the root system to cover a wider range of
horizontal extension growth. The densest roots appeared
around the main roots in the 0-10 cm soil layer.

Table 1. Response of maize roots to different dripper discharge rates during 2010 and 2011 in China.
Days after sowing
38
70
92
134
Year
Treatments a Longest
Root
Longest
Root
Longest
Root
Longest
Root
activity
root
activity
root
activity
root
activity
root
(cm)
mg/(g.h)
(cm)
mg/(g.h)
(cm)
mg/(g.h)
(cm)
mg/(g.h)
T1
40.4a b
0.157a
58.1a
0.349a
60.1a
0.042a
74.1a
0.042a
T2
44.3a
0.146b
50.7ab
0.326ab
46.9b
0.043a
52.9b
0.034a
2010
T3
40.2a
0.143b
44.6b
0.305ab
40.0b
0.051a
39.6c
0.035a
T4
36.7a
0.135b
42.9b
0.264b
41.0b
0.052a
34.6c
0.028a
T1
40.5a
0.156a
54.2a
0.367b
56.5a
0.066a
67.1a
0.034a
T2
39.1a
0.141b
49.8a
0.342ab
50.6ab
0.051a
57.3ab
0.029a
2011
T3
37.2a
0.148b
43.8a
0.310ab
41.0b
0.043a
46.9b
0.030a
T4
34.4a
0.139b
44.2a
0.269a
41.6b
0.030a
42.5b
0.030a

a

dripper discharge 1L/h (T1), dripper discharge 2L/h (T2), dripper discharge 3L/h (T3), dripper discharge 4L/h (T4), and irrigation
water was applied as 100% of evaporation of Class A Pan in the 2-day irrigation frequency (T1), 90% of evaporation in the 4-day
irrigation frequency (T2), 80% of evaporation in the 6-day irrigation frequency (T3) and 70% of evaporation in the 8-day irrigation
frequency (T4), respectively
b
Values in a column followed by the same letter are not significantly different at the 5% level using PROC GLM
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Root growth is heavily influenced by environmental
conditions such as soil moisture and nutrient levels. The
strength of the root activity is related to the enzyme activity
and protein content and the measures of root activity are
based on the root’s ability to absorb nutrients and water. In
2010, the highest of root activity was 0.349 mg/ (g.h) in
1L/h dripper discharge of 70 days after sowing. In the
whole growth period, the strongest root activity was seen at
70 days after sowing seed and showed maize grew most
vigorously at that time while root activity began to decline.
Growth with a dripper discharge of 1 L/h was significantly
higher than in the other treatments at 38 days after sowing,
although the significant difference declined 38 days after
sowing and there was no significant difference between all
for treatments at 92 days of sowing, with a minimum value
for root activity at 134 days of sowing. In the second year,
the values were 0.367 mg/ (g.h) for maximum in the 1 L/h
dripper discharge treatments. The results were similar in
both years.
Leaf area and plant height: Leaf area played an important
role in the interception and use of solar radiation which
directly influenced the maize dry matter accumulation and
grain yield. Leaf area and plant height is less influence by
dripper discharge and irrigation frequency in maize before
38 days of sowing (Fig. 2), but the balance has changed at
70 days after sowing, when the maximum plant height and
leaf area were seen in T1 and the minimum in T2. These
differences between treatments continued to exist until
harvest and the variation in leaf area and plant height
stabilized at 92 days after sowing. The results were similar
in both years, but the maize grew shorter in 2010 when
compared to 2011. The increase in the height of maize
plants in 2010 might be attributed to differences in
irrigation and evapotranspiration in the two years.
Maize response to different dripper discharge and
irrigation frequency: Plants transpire less under
conditions with high humidity and more when the vapour
pressure deficit of ambient air is high. Since relative
humidity is very low in the Loess Plateau, especially
during summer, plants transpire more for each unit of dry
matter accumulation than they would in other areas with
higher humidity’s. Also, other factors such as percent
ground cover and a low leaf area index early in the
growing season accelerates evaporative loss soil water.
The highest grain yield was obtained from the 1 L/h
dripper discharge and 2-day irrigation frequency at 8.78 t
ha–1 in 2010 and 8.84 t ha–1 in 2011 (Table 2).

Fig. 2. The plant height and leaf area per plant of average six
replicates in different dripper discharge and irrigation frequency
treatments in 2010 and 2011.

Table 2. Relationship between the increase dripper discharge and decrease irrigation frequency in relative yield,
biomass, spike response factor and IWUE for maize irrigated by a drip system in the two-year study.
Year

2010

2011

Treatments
T1
T2
T3
T4
T1
T2
T3
T4

Grain
yield
(t ha-1)
8.78a
8.57ab
8.49ab
8.15b
8.84a
8.44ab
8.27bc
7.78c

ET
(mm)
366
351
346
358
371
348
333
339

Irrigation
water
(mm)
366
316
277
251
371
313
266
237

Water
saving
(%)
0.00
13.69
24.37
31.53
0.00
15.58
28.19
36.04

Biomass
(t ha-1)
24.42a
23.46a
22.68ab
21.30b
25.14a
23.10b
22.26b
19.32c

Spike
length
mm
201a
187a
190a
165b
218a
169b
195b
157c

Grain weight
per spike
(g)
146.26a
142.92ab
141.59ab
135.77b
146.59a
143.43a
141.25a
134.59b

1000 grains
weight
(g)
277.00a
259.33ab
250.83b
239.17b
278.50a
254.83b
245.17b
231.67c

IWUE
(kg m-3)
2.399
2.712
3.065
3.247
2.383
2.696
3.109
3.283
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In the irrigated treatments, seasonal evapotranspiration
ranged from 346 to 366 mm and grain yield from 8.15 to
8.78 t ha-1 in 2010, and seasonal evapotranspiration varied
between 333 and 371 mm and grain yield from 7.78 t ha-1 to
8.84 in 2011, which depending on the amount of water
applied time of irrigation. The results of this study indicate
the highest yield was obtained under T1 while the lowest
yield was obtained under T4. Evapotranspiration and yield
depend on the different dripper discharges and different
frequencies of irrigation. The high value of
evapotranspiration was 366 mm in 2010 and 371 mm in
2011 which may be attributed to the frequent irrigation,
which provided sufficient air humidity for evaporation. In
2010, the rates of water savings were 13.69%, 24.37% and
31.53% of T2, T3 and T4, respectively, and 15.58%,
28.19% and 36.04% for the treatment in 2011. However,
the decreases in grain yield were 2.39%, 3.30% and 7.18%
in 2010, and 4.52%, 6.45% and 11.99% in 2011,
respectively.
The dripper discharge and irrigation frequency
treatments provided a gradient of biomass yield. At the T2,
T3 and T4 treatments, the rates of the decrease in biomass
yield were 3.93%, 7.13% and 12.78% in 2010, and 8.11%,
11.46% and 23.15% in 2011, respectively. The maximum
biomass of 24.42 t ha–1 in 2010 was relatively lower in
2011. The increase in maize biomass yield in 2010 might
be attributed to the longer growth period and increased
consumption of irrigation water. These relationships also
indicate that the highest biomass was associated with
maximum evapotranspiration, but not with the highest
grain yield, which was reached by appropriately controlling
soil water content and limiting evapotranspiration and
biomass. Minimum spike length was recorded under 4 L/h
dripper discharge and 8-day irrigation frequency conditions
(T4) 165 mm in 2010 and 157 mm in 2011, and the
maximum in the 2- day irrigation frequency (T1) 201 mm
in 2010 and 218 mm in 2011. The reductions in spike
length were related to evapotranspiration and the
availability of irrigation water. However, the reduction in
spike length was small in T2 and T3 in both 2010 and
2011. This was the result of a compensatory effect of the
dripper discharge production and the soil wetting pattern
under controlled frequency irrigation.
Application of dripper discharge and irrigation
frequency significantly decreased the grain weight per
spike (2.2%-8.2%, p<0.05) for 2010, 2011. However,
except in 2010 cropping year that the T2 and T3 relevant
T4, and the grain weight per spike of T4 was significantly
lower than other treatment, there were no significant
differences between T1, T2 and T3. Thus, the results
suggested that in the Loess Plateau area of maize reduces
irrigation frequency to 6 days could maintain the grain
weight per spike.
Irrigation water use efficiency: Irrigation water use
efficiency ranged from 2.383 to 3.283 kg m-3 under
different treatments. As a result, different drip irrigation
treatment significantly increased IWUE, which variation
depends on the controlled ranges of dripper discharge in
different irrigation frequency. IWUE in the T4 was higher
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than in other treatments and the values were 3.247 and
3.283 kg m-3 in 2010 and 2011. Similar result has been
reported showing IWUE increased with a more severe
deficit (Dagdelen et al., 2009). The highest grain yield
which IWUE was not as high as expected based on
available information on yield and seasonal
evapotranspiration, because seasonal evapotranspiration
was variation.
Discussion
Crop root uptake of nutrients and water from upper
levels of soil under conditions of low water stress are such
that root contact is driven by extensive root branching and
long root hairs which is a main determinant of moisture
extraction from dry soil (White & Kirkegaard, 2010).
With the effect on soil wetting patterns, the dripper
discharge has influences on crop root development.
Vazquez et al., (2006) indicated excess water applied to
assist root development created low soil water potential.
Boote et al., (1996) indicated that leaf area is the main
factor in estimation of dry matter accumulation based on
temporal integration of canopies photosynthesis in the
canopy. Caviglia & Sadras (2001) reported the leaf area
index was lower in crops grown with a N deficiency. Leaf
area development and leaf senescence are both affected
by the availability of water (Connell et al., 2004;
Raziuddin et al., 2011) .
The highest grain yield was obtained from the 1 L/h
dripper discharge and 2-day irrigation frequency at 8.78 t
ha–1 in 2010 and 8.84 t ha–1 in 2011. Oktem et al., (2003)
reported that the highest fresh ear yield was obtained
using a 2-day irrigation frequency while the minimum
yield was with an 8-day irrigation frequency. Yield was
reduced with decrease irrigation frequency in both years.
The declines in dry matter and grain yields could be
attributed to an increased soil water deficit (Darusman et
al., 1997; Yazar et al., 1999).
A reduction in yield was observed with decrease
irrigation frequency, the rate of yield reduction was less
than water savings which indicate that the increase of
dripper discharge would improve grain yield. The aim of
irrigation is to enhance economic returns while
optimizing yields by minimizing damage caused by water
deficiency as the crops develop (Stone et al., 2001a).
Deficiency at an irrigation frequency of 6 days and a
dripper discharge rate of 3L/h can be acceptable for maize
production in the Loess Plateau of northwestern China.
Ersel et al., (2010) reported a linear relationship existed
between seasonal water use and grain yield.
IWUE in the T4 was higher than in other treatments and
the values were 3.247 and 3.283 kg m-3 in 2010 and 2011.
Similar result has been reported showing IWUE increased
with a more severe deficit (Dagdelen et al., 2009). The
highest grain yield which IWUE was not as high as expected
based on available information on yield and seasonal
evapotranspiration, because seasonal evapotranspiration was
variation. Wang et al., (2012) reported deficit irrigation
results in reduced grain yield, kernel numbers and straw
yield, but increased IWUE. The highest rate of economical
IWUE was 2.85 kg m-3 that obtained from optimum
irrigation treatments (Lack et al., 2012).
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Conclusions
The highest grain yield was obtained of 8.78 and 8.84
t ha-1 under T1 in both years, and the minimum yield was
obtained with 8.15 and 7.78 t ha-1 under T4 in 2010 and
2011, respectively. The maximum irrigation water use
efficiency (IWUE) was 3.247 and 3.283 kg m-3 in both
years under T4. Despite the reduction of growth and grain
yield of T3, the dripper discharge was 3L/h, 6 days
irrigation frequency and 80% of evaporation was still high
and acceptable for corn production and water use
efficiency in Loess Plateau of Northwest China.
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