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ABSTRACT
The use of water resources should be restricted until a suitable irrigation and planting system is developed in the North
China Plain. This study was aimed to study the effects of planting pattern and irrigation on the farmland microclimate,
and indentify possible ways to improve the yield of winter wheat. The field experiments in a randomized complete block
design with four replicates were conducted during the 2008-09 and 2009-10 growing seasons in Taian, China. The three
planting patterns were: 25 cm uniform row planting pattern (U), “20 + 40” wide-narrow row planting pattern (WN), and
“20 + 40” furrow planting pattern (F). Three irrigation treatments applied: were 90, 135, and 180 mm during the whole
growth period. Results showed that F had 3.5% lower diurnal soil temperature at the 5cm soil depth, 4.7% lower diurnal
air temperature at 5cm above the ground, 14.8% lower diurnal relative humidity (RH), 4.8% higher soil water content
(SWC) at the 0 cm to 30 cm soil depth, and 9.7% higher yield as compared with U. Irrigation decreased soil temperature
and air temperature but increased RH and SWC. The yield of 135 mm irrigation was 6.4% higher than that of 90 mm.
The grain yield of winter wheat was not significantly difference between 135 and 180 mm irrigation from 2009-10 (P >
0.05). Therefore, F and 135 mm irrigation were regarded the best combination as the optimum conditions for winter
wheat considering the water shortage problem in China.
Keywords: soil temperature; air temperature; relative humidity; soil water content.
crop yield and optimize plant population (Hill et al.,
2006; Zhou et al., 2007). In India and Pakistan, farmers
have adopted raised-bed and furrow planting patterns for
growing both rice and wheat crops, and some farmers
were also growing mustard, and other oilseed, and pulse
crops (Abdelhadi et al., 2006; Choudhury et al., 2007).
The results of many studies have indicated that convert
flood irrigation to local irrigation can help reduce the area
of soil evaporation and control the invalid evaporation (Li
and Gong, 2002). It is impossible to fully meet the
demand for irrigation because the water supply is
generally limited, so deficit irrigation can play an
important role during the period of growth when crop is
sensitive to water.
Fahong et al. (2004) showed that the
microclimate within the field can be changed by the bed
planting system, which reduces crop lodging and prevents
wheat diseases. Philip and Mustafa (2005) revealed that
evapotranspiration increased with increasing RS. The soil
temperature of straw mulching was lower than bare,
especially during the period of atmospheric temperature
was relative high, but the yield production increased
evidently (Sarkar et al., 2007). The farmland water
content increased with increasing irrigation amount, so
the ability to absorb solar radiation was enhanced.
Because the exchange of the soil and the air heat and the
increase of evapotranspiration heat, the diurnal soil
temperature varied slightly during the process, especially
close to the ground (Erik, 2001). Many studies have

INTRODUCTION
The Huanghuaihai Plain is an important food
production area in China. It comprises approximately
18.3% of the total farmland and produces 25% of the
total food supply in the country. Winter wheat
(Triticumaestivum L.) is the main crop in this area. The
water shortage in China is caused by the uneven
distribution of precipitation across time and space (Deng
et al., 2006). Winter wheat is threatened by water
shortage, water pollution, and groundwater over
exploitation (Zhang et al., 2010; Sun et al., 2012). Thus,
conserving water resources and improving water use
efficiency are necessary (Wang et al., 2001; Dogan et al.,
2006; Shao et al., 2007).
Numerous methods have been developed to
increase crop yields, including early sowing, high
planting density, straw mulching, and improving
fertilization (Eberbach and Pala, 2005). An appropriate
planting pattern can collect water even with a small
amount of rainfall, reduce soil surface runoff, and
decrease unproductive evaporation (Xie et al., 2005; Jia
et al., 2006). Zhang et al. (2007) showed that the yield of
winter wheat by raised-bed planting was higher than that
by conventional flat planting. Quanqi et al. (2012) proved
that furrow planting facilitated high winter wheat
production in the North China Plain. Similarly,
reasonable row spacing (RS) was observed to increase
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focused on farmland microclimate; however, only a few
have determined the effects of different planting patterns
and irrigation treatments on farmland microclimate. The
present study was aimed to investigate the effects of
different planting patterns and irrigation treatments on the
farmland microclimate [soil temperature, air temperature,
air relative humidity (RH), and soil water content (SWC)]
and yield of winter wheat.

17:00 at heights of 5 cm above the ground. Soil
temperatures were measured by using a geothermometer,
and air temperatures and RH were measured using dry
and wet bulb thermometers, respectively.
The aluminum access tubes (diameter 45 mm) of
the neutron moisture meter were installed between the
rows at each location to a depth of 1.2 m prior to sowing.
The soil volumetric water was measured once every 10
cm in the 0 cm to 120 cm profile. The soil water was
measured at GS01, GS28, GS30, GS37, GS47, GS50,
GS65, GS73, and GS85.
All graphs were prepared from means and drawn
using Sigma Plot 10.0 (SPSS Inc., Chicago, IL). All data
were analyzed using ANOVA. The treatments (planting
pattern, irrigation) were considered as fixed effects, and
replications were considered as random effects. Multiple
comparisons were conducted for significant effects with
the least significant difference test at P = 0.05.

MATERIALS AND METHODS
The experiments were conducted at Shandong
Agricultural University. The experiment site (36°09′N,
117°09′E) is located in Taian, the main winter cultivating
region of the Huanghuaihai Plain in China. The total
annual solar radiation was 1,414 W/m2. The average
annual sunshine and temperature were 2627 h and
12.9°C, respectively. The accumulated temperature
throughout the year was 4213°C (≥ 10°C). The non-frost
period was 193 days. The average annual rainfall was 697
mm, in which 70% to 80% occurred in the summer
growing season from July to September. The total rainfall
was 765.5 mm and 627.5 mm during 2008 and 2009. The
rainfall in the winter wheat season was 159.2 mm and
149.3 mm respectively, during 2008-09 and 2009-10
(Table 1).
The soil type in the region was silt loam, with an
average SOM of 16.3 g/kg and N, P, and K contents of
92.98, 34.77, and 95.45 mg/kg, respectively. The soil had
a bulk density of 1.50 g/cm, pH of 6.9, and field capacity
of 38.6% (V%).
Winter wheat (cv Jimai-22) was hand-planted on
14 Oct. 2008 and 8 Oct. 2009, and was harvested on 10
June 2009 and 8 June 2010, respectively. The density of
plant population was 1.8 × 106 plant/ha. During the
sowing period, 120 m3/ha of manure was needed, and N
(225 kg/ha), P2O5 (120 kg/ha), and K2O (105 kg/ha) were
supplied.
The experiment included three planting patterns
i.e. 25 cm uniform row planting pattern (U), “20 + 40
cm” wide-narrow row planting pattern (WN), and “20 +
40 cm” furrow planting pattern (F) (Fig. 1). For F, the
width of the bed bottom was 40 cm, the peak was 20 cm,
and the height from bottom to peak was 15 cm. The
irrigation times and volumes are listed in Table 2. The
plot area was 3 m × 3 m, and the experiment was
arranged in a randomized complete block design with
four replicates. Nitrogenous fertilizers were supplied as
base at stem elongation stage. Phosphate and potassium
fertilizers were only used as base fertilizers. F was
irrigated into the ditch, and U and WN were flooded.
Irrigation was strictly controlled by a water meter.
At growth stage (GS) 65, diurnal soil
temperatures were measured on selected sunny days
between 8:00 and 17:00 at 5 cm soil depth. Diurnal air
temperatures and RH were measured between 8:00 and

RESULTS
Diurnal soil temperature: Under the different planting
patterns and irrigation treatments of winter wheat, the
diurnal soil temperature at 5 cm peaked at 13:00 to 14:00.
The afternoon temperature was higher than the morning
temperature. In both growing seasons, the order of the
average soil temperature was F < WN < U. The soil
temperatures of F and WN were 3.5% and 1.7% lower
than that of U, respectively. No significant difference was
observed among U, WN, and F (P > 0.05). These data
showed that F and WN reduced the soil temperature at 5
cm, especially F (Fig. 2).
At the 5 cm soil depth, the order of average soil
temperature under the different irrigation treatments was
180 mm < 135 mm < 90 mm. The soil temperatures of
180 and 135 mm were 6.7% and 5.1% lower than that of
90 mm. No significant difference was observed among
90, 135, and 180 mm (P > 0.05). The soil temperature of
135 mm was lower by 0.9 °C than that of 90 mm, and
that of 180 mm was lower by 0.3 °C than that of 135 mm.
These results indicated that the soil temperature gradually
decreased with increasing irrigation amount. The
maximum differences for the different planting patterns
and irrigation treatments were 0.6 °C and 1.2 °C,
respectively. These data showed that the effect of
irrigation treatment on soil temperature at 5 cm was
higher than that of planting pattern.
Diurnal air temperature: A high air temperature was
measured at 5 cm above the ground at 12:00 to 13:00
(Fig. 3). The planting pattern affected the air temperature
at 5 cm. The order of average air temperature was F <
WN < U, and the values were 26.5 °C, 27.1 °C, and 27.8
°C, respectively. The air temperatures of F and WN were
4.7% and 2.5% lower than that of U, respectively. These
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data showed that F and WN decreased the air temperature
at 5 cm above the ground, especially F.
The average air temperatures under the 90, 135
and 180 mm irrigation treatments were 27.4 °C, 27.1°C,
and 27.1 °C, respectively. The maximum difference
between 90 and 135 mm was 0.3 °C, and no difference
was observed between 180 and 135 mm. The air
temperature at 5 cm above the ground gradually
decreased with increasing irrigation amount; however,
the extent of the decrease was small. The maximum
differences for the different planting patterns and
irrigation treatments were 1.3 °C and 0.3 °C,
respectively. Therefore, the effect of planting pattern on
air temperature at 5 cm above the ground was higher than
that of irrigation treatment.

The average RH values under the 90, 135, and
180 mm irrigation treatments were 43.3%, 46.2%, and
47.6%, respectively. The RH gradually increased with
increasing irrigation amount. The RH of 135 mm was
3.1% higher than that of 90 mm, and the RH of 180 mm
was 1.4% higher than that of 135 mm. The maximum
differences for the different planting patterns and
irrigation treatments were 8.8% and 4.3%, respectively.
Therefore, the effect of planting pattern on RH at 5 cm
above the ground was higher than that of irrigation
treatment.
Soil water content: Evident differences in SWC were
observed among the different planting patterns and
irrigation treatments (Fig. 5). At the 0 cm to 30 cm soil
depth, the SWC was evidently affected by rainfall and
irrigation. The SWCs of U, WN, and F were 23.0%,
23.5%, and 24.1%, respectively. The SWC of F was 4.8%
and 2.6% higher than those of U and WN, respectively.
The SWC order of the three irrigation treatments
was 180 mm > 135 mm > 90 mm. The SWC increased
with increasing irrigation amount, but the extent
gradually decreased. The SWC of 135 mm was 14.0%
higher than that of 90 mm, whereas that of 180 mm was
2.0% higher than that of 135 mm. The maximum
differences for the different planting patterns and
irrigation treatments were 1.1% and 3.5%, respectively.
The effect of irrigation amount on SWC was higher than
that of planting pattern.

Diurnal relative humidity: The changes in air
temperature and RH at 5 cm above the ground were
contradictory (Fig. 4). The morning and evening RH were
higher than that the noon RH. The RH from 2009 to 2010
was evidently lower than that from 2008 to 2009. The
difference in RH can be attributed to the low amount of
rainfall from 2009 to 2010. A low RH was obtained at 5
cm above the ground at approximately 13:00 from 2008
to 2010. The average RH for F, U, and WN were 39.0%,
45.8%, and 47.8%, respectively. The value of F was
14.8% and 18.4% lower than that of U and WN,
respectively.

Table 1. Monthly rainfall (mm) for the winter wheat growth seasons
Season
2008/2009
2009/2010

Oct.
9.9
12.9

Nov.
4.9
21.3

Dec.
0.3
6.2

Jan.
0.0
3.2

Feb.
12.1
18.9

Mar.
25.7
14.8

Apr.
45.2
20.5

May
42.8
42.0

June
18.3
9.5

Total
159.2
149.3

Fig. 1 A schematic diagram showing uniform row planting pattern (A), 20 + 40 wide-narrow row planting pattern
(B), 20 + 40 furrow planting pattern (C).
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Table 2. Irrigation times and amount (mm) for different growth stage (GS) of winter wheat
Planting pattern

GS37
(2 Apr. 2009, 2
Apr. 2010)
30
45
60
30
45
60
30
45
60

25cm uniform row
(U)
20+40 wide-narrow row
(WN)
20+40 furrow
(F)

A

GS73
(13 May. 2009, 15
May. 2010)
30
45
60
30
45
60
30
45
60

Total

90
135
180
90
135
180
90
135
180

24
22

Soil temperature (¡æ)

GS50
(24 Apr. 2009, 27
Apr. 2010)
30
45
60
30
45
60
30
45
60

90 m m

135 m m

180 m m

90 m m

135 m m

180 m m

20
18
16
14
12
10

Soil temperature (¡æ)

B

22
20
18
16
14
12
10

8

9

10

11

12 13 14
Tim e (H H )

15

16

17

8

9

10

11

12 13 14
Tim e (H H )

U

WN

15

16

17

8

9

10

11

12 13 14
Tim e (H H )

15

16

17

F

Fig. 2 Diurnal soil temperature at 5 cm depth. A and B are 2008/2009 and 2009/2010, respectively; U, uniform
row planting pattern; WN, 20 + 40 wide-narrow row planting pattern; F, 20 + 40 furrow planting
pattern. The error bars were the SE.
Farmland microclimate relations with yield: The order
of grain yield response for the different planting patterns
was F > WN > U (Fig. 6). The yield of F was
significantly higher than those of U and WN by 669 and
260 kg/ha from 2008 to 2009 and by 758 and 337 kg/ha
from 2009 to 2010, respectively. In 2008 to 2009, the
yield of 180 mm was higher than that of 135 mm by 640
kg/ha, and that of 135 mm was higher than that of 90 mm
by 478 kg/ha. In 2009 to 2010, the yield of 135 mm was
significantly higher than those of 90 mm (P < 0.05), and
was not significant difference between 135 mm and 180
mm.
The average yields of 90, 135, and 180 mm were
7429, 7903, and 8189 kg/ha, respectively. The yield of

135 mm was higher than that of 90 mm by 6.7%, and that
of 180 mm was higher than that of 135 mm by 3.6%. A
significant positive correlation was observed among RH,
SWC and yield (P<0.05). Irrigation was significantly
positively correlated with yield (P<0.05), whereas soil
temperature was significantly negatively correlated with
yield (P < 0.01), and air temperature was significantly
negatively correlated with yield (P < 0.05). Soil
temperature was significantly negatively correlated with
irrigation (P < 0.01) and air temperature was significantly
negatively correlated with irrigation (P < 0.05), whereas
RH and SWC was significantly positively correlated with
irrigation (P < 0.05) (Table 3).
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40

90 mm

135 mm

180 mm

90 mm

135 mm

180 mm

35
30
25
20
15
35
30
25
20
15
8

9

10 11 12 13 14 15 16 17

8

9

10 11 12 13 14 15 16 17

Time £¨HH£©

8

9

10 11 12 13 14 15 16 17

Time £¨HH)
U

Time £¨HH)
F

WN

Fig. 3 Diurnal air temperature at 5 cm above the ground. A and B are 2008/2009 and 2009/2010, respectively; U,
uniform row planting pattern; WN, 20 + 40 wide-narrow row planting pattern; F, 20 + 40 furrow
planting pattern. The error bars were the SE.
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60
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30
20
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11
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12

13

14

15
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WN
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17
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15

16
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Time (HH)
F

Fig. 4 Diurnal air relative humidity at 5 cm above the ground. A and B are 2008/2009 and 2009/2010, respectively;
U, uniform row planting pattern; WN, 20 + 40 wide-narrow row planting pattern; F, 20 + 40 furrow
planting pattern. The error bars were the SE.
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7
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0
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U

S3
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1
G
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5
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3
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5
G
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0

S6
G

S5

7
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G
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8
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S3

1
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S2

5

S0
G

3
G

S8

5
G

S7

0
G

S6

7

S5
G

7
G

S4

0
G

S3

8

S3
G

S2
G

G

S0

1

10

F

WN

Fig. 5 Changes in soil water content of different growth stage in winter wheat season. A and B are 2008/2009 and
2009/2010, respectively; U, uniform row planting pattern; WN, 20 + 40 wide-narrow row planting
pattern; F, 20 + 40 furrow planting pattern. The error bars were the SE.
10000
2008/2009

Grain yield (kg/ha)

8000
c

b

2009/2010
a

c b

a

b

a a

c

a
c ab

a
b

c

b

a

6000
4000
2000
0
90 mm

135 mm
Irrigation

180 mm

90 mm
U

WN

135 mm
Irrigation

180 mm

F

Fig. 6 Yield of different planting patterns and irrigation treatments. U, uniform row planting pattern; WN, 20 +
40 wide-narrow row planting pattern; F, 20 + 40 furrow planting pattern. The error bars were the SE.
Within a irrigation treatment, the treatment means with the same lowercase letters are not significantly
different according to P<0.05.
Table 3. Correlation coefficients between irrigation, soil temperature, air temperature, relative humidity (RH),
soil water content (SWC), and yield of wheat during 2008-2010

Irrigation
Soil temperature
Air temperature
RH
SWC
Yield

Irrigation
1.000
-0.964**
-0.847*
0.864*
0.911*
0.998**

Soil temperature

Air temperature

RH

SWC

Yield

1.000
0.939**
-0.937**
-0.980**
-0.963**

1.000
-0.984**
-0.952**
-0.841*

1.000
0.921**
0.860*

1.000
0.903*

1.000

**, correlation is significant at the 0.01 level; *, correlation is significant at the 0.05 level.
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DISCUSSION

and should be adopted to increase the yield of winter
wheat.

Preparation of suitable seedbed would create a
conducive microclimate for the growth and development
of winter wheat (Zhou et al., 2012). In this study, F and
WN decreased the soil temperature at the 5 cm soil depth,
especially F. Soil temperature significantly affected the
growth and phenology of trees, water absorption, and
nutrient intake (Devine and Harrington, 2007). A high
temperature leads to the dissipation of energy and the loss
of nutrition. F decreased the air temperature and RH at 5
cm above the ground. Decrease in air temperature
reduced the energy consumption, hence, more assimilates
were transferred toward growth rather used in maintain
the growth. High temperature was already one of the
major environmental stresses limiting rice productivity,
with relatively higher temperatures causing reductions in
grain weight and quality (Norwood and Dumler, 2002).
The air temperature under the canopy and in the open is
related to solar radiation (Morecroft et al., 1998). The
SWC of F at the 0 cm to 30 cm soil layer was higher than
that of the other treatments, and it was helpful for plants.
Hence results of present study agreed with the finding of
Fahong et al. (2004). They reported that there was a
savings in some years of as much as 30% of applied
irrigation water combined with enhanced water use
efficiency by changing from flood to furrow irrigation.
Adequate water is a key factor that controls plant growth,
productivity, and survival (Namirembe et al., 2009;
Kamiloğlu, 2011). F significantly increased the yield of
winter wheat. This result was supported by the report of
Han et al. (2014).
Irrigation decreased soil temperature and air
temperature but increased RH and SWC. Farmland
microclimate evidently improved with increasing
irrigation. Irrigation can change the population size and
ecological factors (Hou et al., 2010). The heading stage
appeared during dry period in late spring and early
summer, the drying climate, abundant sunshine, and
rapidly increasing air temperature promote hot wind
damage. Therefore, creating a suitable farmland
microclimate was important for winter wheat cultivation.
F and irrigation decreased diurnal soil temperature at the
5 cm soil depth and diurnal air temperature at 5 cm above
the ground but increased SWC at the 0–30 cm soil depth.
Planting patterns and irrigation improved the farmland
ecological environment of winter wheat, and reduced the
evapotranspiration and increased yield. Soil temperature,
air temperature decreased, RH and SWC increased with
increasing irrigation amount, but the extent gradually
decreased. The yields of U and WN were higher at 135
mm irrigation than those of 180 mm irrigation, so yield of
135 mm was high during 2009-10, but there was not
significant difference between 135 mm and 180 mm. In
conclusion, F and 135 mm irrigation may be an effective
strategy to yield of winter wheat in water-scare regions,
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