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Abstract: In order to promote the winter wheat yield and guarantee seeding quality in double-cropping system, no-tillage or 
reduced tillage planting modes with different row spacing have been implemented to result in different levels of yield.  A 
three-year (2012-2015) field experiment was conducted on the experimental farm at Zhuozhou of Hebei Province in North 
China Plain to compare winter wheat yield from the two planting modes: wide-narrow row space planting mode (WN) and 
uniform row space planting mode (UR) Both planting modes were performed under reduced tillage conditions with straw 
mulching.  The results showed that in North China Plain WN had positive impacts on crop yield, yield components, leaf area 
index (LAI) and intercepted photosynthetically active radiation (IPAR) index.  Comparing with the UR, IPAR and LAI index 
for WN were enhanced by 4.8% and 5.2%, respectively.  The average yield for WN was 7.2%, significantly greater than that 
of UR under the same quantity and density.  In addition, for WN mode, machinery could pass through with less blocking 
under large amount of straw mulching, which largely improved tillage efficiency and potentially popularized the conservation 
tillage technology in North China plain.  It is therefore recommended that wide-narrow row space planting mode (WN) 
combined with reduced tillage and straw mulching be more suitable for conservation tillage in double-cropping pattern areas in 
North China Plain. 
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1  Introduction  

Long term traditional intensive agriculture has been 
demonstrated to reduce crop yields because of its resultant soil 
structure degradation and soil erosion.  Additionally, the large 
amount of crop straw failed to be utilized appropriately, and a lot of 
air pollutants were generated from the outdoor straw burning[1,2].  
Therefore, conservation tillage which could increase water use 
efficiency, reduce wind and water erosion and decrease soil loss[3-5] 
was introduced.  However, when it comes to the double-cropping 
pattern which has been adopted in China since 1980[6], seeding 
quality could not be guaranteed.  In this cropping pattern, maize is 
seeded in early June, and harvested in mid-September, while winter 
wheat is immediately seeded in early October and harvested in the 
following June.  Before wheat seeding under conservation tillage 
conditions, a large amount of unrotten maize straw remains in the 
field as coverage, resulting in the frequent occurrence of blocking 
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issues of local seeders[7].  Accordingly, the wide-narrow row 
spacing planting mode achieved by broadening the space between 
seeding device was proposed, for its potential for anti-blocking and 
increasing yield.  Under this mode, only half numbers of former 
furrow openers are used to apply one row of fertilizer and seed two 
rows of wheat.  In this way, planting density can be guaranteed 
while the wider distance between furrow openers enables the maize 
straw to flow through, which is able to solve the blocking issues 
and on the premise of guaranteed seeding quantity.   

The relationship between row spacing and crop yield has been 
frequently studied.  Most of them focused on changing planting 
density by using different row spacing, and a substantial potential 
for increasing yields was demonstrated.  Many researchers 
reported a strong influence of row spacing and planting density on 
yield of crops such as maize[8,9], canola[10], soybean[11], and tomato[12].  
It has also been indicated that the canopy structure of the crops, 
photosynthetic capacity, leaf area index (LAI), biomass could be 
improved by adjusting row spacing and planting density, and as a 
consequence the crop yield could be affected.  As for wheat, William 
et al.[7] found that winter wheat row spacing can be widened to at 
least 50 cm to facilitate conservation-tillage farming with equal 
grain and straw production when compared to narrower row 
spacing.  Hussain et al.[13] recommended that a row spacing of  
20 cm could improve the wheat performance under drought stress 
in early growth season of wheat.  Overall, the difference of a good 
agronomic option of winter wheat row spacing was mainly influenced 
by irrigation, tillage method, crop rotation scheme and so on. 

 In order to suit the condition of China, a planting mode of 
wide-narrow row based on domestic crop planting requirements 
was put forward.  Under the wide-narrow row planting mode 
studied in this paper, row spacing was changed without any 
changes in whole planting density, in other words, in this planting 
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mode a certain row was close to one of its adjacent rows while far 
away from the other, hence a constant planting density could be 
insured.  Seeders that appropriate for this planting mode as well as 
conservation tillage conditions were designed years ago and have 
been widely applied in the North China Plain.  The relationship 
between row spacing and yield was concerned in existing 
literatures.  It is indicated that when the seeding quantity is 
guaranteed, the application of wide-narrow row spacing planting 
mode can increase ventilation and photosynthesis, while prevent 
disease and lodging, and finally increase production by more than 
4%[14].  Some researchers[15-17] also suggested that wide-narrow 
row planting mode without changing planting density could 
enhance soil nutrition and moisture, reduce soil bulk density and 
improve LAI and radiation use efficiency (RUE), which all 
contribute to better growth and higher yield. 

 Although there were plenty of researches on wide-narrow row 
planting mode in China, most of them focused on maize and 
soybean, seldom research explored the potential impacts of 
wide-narrow row space planting on winter wheat yields, in addition, 
most of them did not take into account the influence of tillage 
practices such as no and seldom tillage.  Therefore this study was 
conducted to aimed at evaluate the effect of winter wheat row 
spacing on yield under no or reduced tillage.  The objectives of 
this study were to compare the changes of soil properties and crop 
yields of winter wheat under wide-narrow row spacing planting 
mode, and the uniform row spacing planting modes under no or 
reduced tillage double-cropping areas in the North China Plain. 

2  Materials and methods 

2.1  Site and climate description 
The field experiment was conducted from October 2012 to 

June 2014 at the experimental farm of China Agricultural 
University in Zhuozhou City (115º59′E, 39º29′N), Hebei Province.  
Zhuozhou has a semi-humid continental monsoon climate.  The 
precipitation and temperature were monitored throughout the 
experiment by a solar-powered automatic weather monitoring 
station located at the experiment plots.  The weather station is 
consisted of a main sensor and three assistant sensors, data are 
recorded automatically by data loggers.  The meteorological 
conditions in Zhuozhou were illustrated in Figure 1.  The 
temperature decreased from seeding season of winter wheat in 
October, then became warmer after January; and the maximum and 
minimum mean annual temperature during three cropping seasons 
from October to next April was 15°C and –4.125°C, respectively.  
The mean annual precipitation was 549.12 mm, while the greatest 
monthly rainfall during the growth period of winter wheat was  
24.5 mm, which occurred in October.   

 
Figure 1   Mean annual rainfall (4 years) and distribution of mean 

monthly rainfall and temperature at Zhuozhou during the 
experimental years from 2011to 2014 

The soil texture in experimental plots is defined as silt loam 
according to the USDA soil taxonomy[18], with the pH of 7.68.  
Soil bulk density of the experimental site was predetermined from 
undisturbed soil samples, and the average soil bulk density was 
1.20 g/m3 at 0-10 cm soil depth, 1.28 g/m3 at 10-20 cm soil depth, 
and 1.35 g/m3 at 20-30 cm soil depth.  Double cropping of winter 
wheat and summer maize is the dominant cropping system in this 
region, while conservation tillage had been practiced in this farm 
for 7 years.   
2.2  Experimental design 

The two factors experiments were carried out in a randomized 
complete block design, with three replications.  Experimental 
blocks were divided according to the quantity of maize straw to 
guarantee similar experiment condition.  Each plot was 45 m wide 
and 180m long and the average amount of maize straw covered on 
plots was at least 2.87 kg/m2.  The experiment included two 
modes (treatments) (Figure 2), uniform row space planting mode 
(UR) and wide-narrow row space planting mode (WN), both modes 
were arranged after maize harvesting with the same straw mulching 
condition.  In specific to the seeding operation, rotary strip tillage 
was installed in both UR and WN to increase the passing ability 
and rotary strip tillage depth was approximately 8-10 cm.   

In order to fulfill the different row spacing seeding treatments, 
UR arranged one row of fertilizer with one row of wheat seeder 
behind one furrow opener (Figure 2c), while WN was designed to 
have one row of fertilizer and two rows of wheat seeders on both 
sides of one fertilizer opener (Figure 2).  That means, one unit of 
seeding device can place two rows of seeds and one row of 
fertilizer during one round of operation at WN, so that the numbers 
of seeding devices and furrow openers in WN (Figure 2b) was half 
of the UR.  For the WN, the space between two rows of wheat 
seed was “10 cm + 30 cm +10 cm +30 cm”, and the space between 
fertilizer openers was equal at 40 cm and the row space, while the 
distance between furrow openers of the UR were constant at 20 cm 
(Figure 2b).  The depth difference between the fertilizer and seed 
was 5 cm.  

 
1. Straw  2. No-till belt  3. Seed  4. Furrow  5. Fertilizer  6. Straw covered ridge 

a. Section of the wide-narrow row space planting mode 

 
1. Fertilizer opener  2. Left seed tube  3. Right seed tube 

b. Seeding device for WN 
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c. Section of the uniform row space planting mode 

Figure 2  Fertilizer opener and two planting modes 
 

 
a. 2BMFS-6 no-till wheat seeder for UR 

 

 
b. 2BMDS-12 no-till wheat seeder for WN 

Figure 3  Operation treatments for UR and WN 
 

Sub-soiling was finished before seeding every three years and 
all the previous maize straw was remained in the field.  The 
treatments operation for UR and WN are presented in Figure 3.  A 
2BMFS-6 wheat seeder (Figure 3a) matched with a 37 kW Class 
tractor was used for seeding winter wheat under UR treatments in 
this study.  The machine seeded 6 rows of winter wheat for the 
uniform row spacing (20 cm) with 6 units of seeding devices.  The 
seeder cleans strips by residue chopping and rotary hoeing in front 
of knife type tine openers, so that a fluted roller type seed metering 
system can drop the seed for wheat after maize harvesting.  The 
metal press wheels were used to place and to firm seeds and 
fertilizer at depth of 5 cm and 10 cm, respectively.  The 
2BMDS-12 type wheat seeder (Figure 3b), also matched with a  
37 kW Class tractor, was used for WN treatments.  It had 6 units 
of seeding devices (Figure 2b) but could seed 12 rows of winter 
wheat for wide-narrow row spacing (10 cm + 30 cm +10 cm   
+30 cm).  In order words, under WN treatment fewer furrow 
openers were used for same planting quantity, so that the straw 
covered situation were different between UR and WN.  In UR, the 
straw distributed evenly on both no-till belts and seed belts while in 
WN, straw were gathered on no-till belts. 

Winter wheat (Ken wheat lu 9) was used in the test and 
irrigation was applied by spraying irrigation machine two times 
during growth season, the first time was in late November before it 
was going to freeze and the other time was in the next March just 
after the winter dormancy of winter wheat.  The irrigation amount 
was recorded by a flow meter. 
2.3  Measured parameters 

Soil water storage: The soil volumetric moisture content 
(VMC) was detected in real time by Time Domain Reflectometry 
(TDR) soil moisture tester (Campbell Scientific, Inc. in Logan, UT 
USA).  This instrument mainly consists of a solar panel, an 
accumulator, a mainframe, an extension and a probe sensor, which 
can record and wirelessly transmit the data automatically.  The 
error of it was designed to be ±2.5% in dry ground and ±0.6% in 
saturated soil.  VWC of seed belts was monitored through October 
to next June for three years at 0-5, 5-10, 10-20, 20-30, 30-40, 40-60, 
60-80, 80-100 cm soil depth.  The values of monthly VMC are the 
average data automatically recorded by the tester.  Soil water 
storage (WS) was then calculated by 

WS = VMC×D                   (1) 
where, WS is soil water storage, %; VMC is soil volumetric 
moisture content, %; D is soil depth, mm. 

Soil temperature: Soil temperature at 5 cm and 15 cm soil 
depth was measured by HOBO U30 data logger (Onset Computer 
Corporation, USA).  It consisted of soil temperature sensors, a 
data collection device, a fixing device, a grounding device and a 
solar panel.  The data collection device and grounding device 
were mounted on the fixing device.  The temperature sensors were 
connected to the data collection device by network interface.  The 
temperature reading was non-volatile memory and the data were 
transferred to a computer.  Three HOBO U30 data loggers, each 
with four sensors at 5 cm and 15 cm respectively, were positioned 
randomly in each block.  Soil temperature was measured every 
four hours (from 8:00 to 20:00) a day during the growth season of 
winter wheat from 5th October to 8th June in each of the three 
experimental years. 

Photosynthesis and leaf area index (LAI): Leaf Area Index 
(LAI) is defined as the sum of the area of plant photosynthetic 
tissue per unit area on ground.  LAI represents the ability of the 
crop to intercept solar radiation and was used for monitoring crop 
growth and estimating yields[19].  Photosynthetically Active 
Radiation (PAR) is the energy basis of plant growth, which means 
accumulated biomass of the plants has a close relation with PAR 
and LAI can be calculated by PAR[20-22].  We can calculate LAI 
by PAR according to Beer’s Law:  

IPAR = PAR [1 – exp (–k × LAI)]              (2) 
where, PAR is photosynthetically active radiation; IPAR 
is Intercepted photosynthetically active radiation; k is extinction 
coefficient; and LAI is leaf area index. 

SunScan Canopy Analysis System (SSCAS), made by Delta-T 
Devices Ltd in Cambridge UK, was used to evaluate Intercepted 
Photosynthetically Active Radiation (IPAR) and Leaf Area Index 
(LAI).  SSCAS consists of Beam Fraction Sensor (BFS), 1 meter 
long SunScan probe and personal digital assistant (PDA).  There 
are two sensors on BFS to measure PAR and transmitted 
photosynthetically active radiation (TPAR), respectively.  And 
IPAR was then calculated as[21]: 

IPAR= PAR – TPAR                (3) 
Traditional method evaluating of LAI is measuring leaf area 

directly, which will destroy the plants and bring about irreversible 
loss.  Using SSCAS can measure without blade damage and the 
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measurements of observation object can be repeated[22].  BFS was 
settled above the top of plants to ensure all photosynthetic radiation 
can be caught, and SunScan probe stretched into the lowest leaves 
of wheat.  Solar incident angle has great influence on the 
photosynthetic radiation, so that the time of measurement should be 
consistent and the diversity of solar incident angle should be 
minimal to make sure the error is accepted.  Also, measurement 
should be arranged in sunny, gentle breeze days.  During late 
March to late May, winter wheat goes through several stages – 
tillering stage, elongation stage and blooming stage – and then goes 
ripe.  Winter wheat LAI had been measured from late March to 
late May during the four years, because when the wheat getting ripe, 
leaves turning yellow and will also absorb solar radiation[21] and the 
measurement was usually inaccurate.  For tillering stage and 
elongation stage measurement, small plants and fewer canopies 
resulted in large error, so that three rows were chosen randomly 
and the data of each row was the average value of the data from 
three positions.  Probe was placed at the middle of every two rows 
of winter wheat, the right side of one row of winter wheat and at 
the left side of another row of winter wheat.  For elongation stage 
measurement, due to the winter wheat sealing ridge, eight rows 
were chosen randomly for each treatment, at this time the value 
was measured at the middle of every two rows and final results 
were the average value of the eight measurements.  Also, the best 
measurement period of SSCAS is 9:00-11:00 a.m. and 13:00-  
15:00 p.m. 

Wheat yield and some yield components: Yield components, 
including the spike number, kernel number per spike and 
1000-kernel weight, were also measured each year in mid-June.  
In specific, three 1 m×1 m winter wheat were collected by hand 
randomly at the center of each field plot and subjected to counting 
to assess the number of ears and grains per ear.  The 1000-kernel 
weight (TKW) was calculated as the mean weight of three sets of 
1000 grains per plot with an analytical balance accurate to 0.01 g 
(Mettler-ML104).  The grain yield was determined when winter 
was at 13% moisture content. 
2.4  Statistical Analysis 

Mean values, standard deviations (SD) and standard errors (SE) 
of soil water content, soil temperature, IPAR, LAI and all the yield 
components were calculated.  ANOVA was used to ascribe the 
effects of row spacing on the measured variables.  When ANOVA 
indicated a significant F-value, multiple comparisons of annual 
mean values were performed by the least significant difference 
method (LSD).  The SPSS analytical software package (2003) was 
used for all the statistical analysis.  

3  Results 
3.1  Soil water storage 

Figure 4 shows the soil water storage following harvest from 
October 2012 to June 2015 for the two tillage modes in Zhuozhou.  
In the first two years, soil water storage was significantly different 
(p<0.05) between two treatments from December to next June,  
but not significantly different from October to November.  From 
December to February UR soil water storage was lower and then 
this tendency changed, soil water storage in UR was much higher 
than WN from March to June.  In the last year, soil water storage 
was significantly different (p<0.05) between two treatments from 
January to June, but not significantly different from October to 
December.  The differences of soil water storage deviated widely 
among months, and the maximum difference was 59 mm (in March 
2015), which accounted for almost 40% of entire soil water storage 
in year 2015 of the UR. 

 
Figure 4  Mean monthly soil water storage at Zhuozhou during the 
experimental years.  Precipitation of each year were different, so 
the soil water storage cannot be compared between different years.  

Values within a column in the same time followed by different 
letters are significantly different (p<0.05) 

 

3.2  Soil temperature  
Soil temperature at 5 cm and 15 cm soil depths from October 

to June each year for the WN and UR treatments is presented in 
Figure 5.  In general, the soil temperature at both layers were well 
synchronized with the air temperature, and WN had greater soil 
temperature than the UR (Figure 5).  The soil temperature 
differences were more pronounced in April and October, with the 
maximum difference of 2.375°C at 5 cm layer in October 2014 and 
1.7°C at 15 cm layer in April 2013.  In particular, the soil 
temperature of WN rose faster when approaching spring but 
dropped more slowly when approaching winter after October. 

 
a. In 5 cm layer 
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b. In 15 cm layer  

Figure 5  Mean monthly soil temperature (3 years) at Zhuozhou 
during the experimental years of 2012-2015 

 

3.3  Photosynthesis and LAI 
Table1 shows on the changes of intercepted photosynthetically 

active radiation (IPAR) between WN and UR.  Throughout the 
growing season of winter wheat, the IPAR from both WN and UR 
consistently rose from late March to early May, peaked in early 
May, and then went down.  In general, the IPAR of WN was 
significantly greater (p<0.05) than that of the UR, except for early 
April of 2014, early May of 2013 and 2014, mid May of 2014 and 
late May in 2014 and 2015.  In particular, the IPAR value of UR 
was even a little bit higher than WN in late May. 

Treatment effects on Leaf Area Index (LAI) in our study are 
listed in Table 2.  Similar to the IPAR, the LAI was significantly 
different (p<0.05) between WN and UR, except for late March of 
2015 and mid May of 2013 and 2015.  The peak value of LAI was 
in late April, earlier than the IPAR which was in early May.  In 
late April of 2015, IPAR value of WN was 4.8% higher than the 
UR treatment, LAI value of WN was 5.2% higher. 

 

Table 1  IPAR at Zhuozhou 

Year Sowing date Treatment 
IPAR 

Late Mar. Early Apr. Mid Apr. Late Apr. Early May. Mid May. Late May. 

2012-2013 2012/10/07 
UR 802.9a 958.2a 1165.3a 1215.3a 1502.2a 1439.2a 1398.1a 

WN 824.9b 985.6b 1225.3b 1298.5b 1522.6a 1500.4b 1321.3b 

2013-2014 2013/10/10 
UR 798.7a 972.3a 1156.6a 1233.8a 1499.9a 1459.8a 1367.5a 

WN 825.6b 980.5a 1208.3b 1266.3b 1510.2a 1466.2a 1355.8a 

2014-2015 2014/10/08 
UR 670a 875.8a 1078.2a 1178.5a 1422.2a 1427.5a 1376.2a 

WN 753.2b 937.2b 1158.7b 1235.9b 1502.3b 1498.8b 1356.3a 

Note: Values within a column in the same time followed by different letters are significantly different (p<0.05). 
 

Table 2  LAI at Zhuozhou 

Year Sowing date Treatment 
LAI 

Late Mar. Early Apr. Mid Apr. Late Apr. Early May. Mid May. Late May. 

2012-2013 2012/10/07 
UR 2.08a 3.72a 4.55a 6.42a 4.48a 5.11a 4.39a 

WN 2.19b 4.11b 4.88b 6.75b 4.67b 5.17a 4.12b 

2013-2014 2013/10/10 
UR 2.01a 3.54a 4.78a 6.33a 4.55a 5.66a 3.97a 

WN 2.21b 3.96b 4.99b 6.66b 4.89b 5.42b 3.68b 

2014-2015 2014/10/08 
UR 1.53a 3.39a 4.38a 6.28a 4.21a 5.37a 4.84a 

WN 1.98a 3.98b 4.57b 6.53b 4.69b 5.44a 4.39b 

Note: Values within a column in the same time followed by different letters are significantly different (p<0.05). 
 

3.4  Wheat yield and some yield components 
The highest total yield for winter wheat was WN (Table 3).  

In general, the crop yield of the two treatments for three years was 
significantly different (p<0.05).  The average yield of three years 
for UR and WN was 7160.3 kg/hm2 and 7560 kg/hm2, respectively.  
The yield difference was the highest in 2013 by 519 kg/hm2 (WN > 
UR by 7.2%), and the minimal difference was in 2015 by       

 

Table 3  Yield and yield components at Zhuozhou 

Year Treatment Spike 
number/m-2 

Kernel number 
per spike 

1000-kernel 
weight/g 

Yield 
/kg·hm-2

2012-2013 
UR 625.8 29.5 33.2 7239a 

WN 675.3 30.8 34.1 7758b 

2013-2014 
UR 693.4 28.6 33.6 7255a 

WN 721.5 29.3 33.9 7688b 

2014-2015 
UR 655.3 29.1 33 6987a 

WN 695.5 29.4 33.5 7234b 

Average 
UR 658.2 29.1 33.3 7160.3

WN 697.4 29.8 33.8 7560 

Note: Values within a column in the same time followed by different letters are 
significantly different (p<0.05). 

247 kg/hm2 (i.e., 3.5%).  The spike number, kernel number per 
spike and 1000-kernel weight were all greater under the WN than 
under the UR for all the four years in our study.  The maximum 
differences in same year for the spike number, kernel number per 
spike and 1000-kernel weight were 50.5, 1.3 and 0.9, respectively. 

4  Discussion 
4.1  Soil water storage 

Under the same precipitation (Figure 1) and irrigation 
conditions, the significantly different soil water storage between 
UR and WN (Figure 4) clearly demonstrated the varying effects of 
row spacing on soil water use efficiency (WUE) and soil water 
evaporation during different seasons of winter wheat growing.  
Furthermore, different row spacing of WN with fewer numbers of 
furrow openers or seeding devices can help to facilitate wheat 
seeder to pass through the heavy residue load with less blocking 
than the uniform row spacing of UR.  For WN, there was enough 
space among seeding devices to let straw pass through, in this 
mode straw was more likely to be moved to no-till belt and left less 
straw on surface of tilled seed belt.  Straw mulching could 
influence water loss capacity of soil, water infiltration, retention 
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and evaporation[23].  As evaporation form the soil depends upon 
the cover of bare soil exposed to sun[13], UR improved drought 
tolerance by minimizing evaporation losses  and led to its higher 
soil water storage.  In particular, when winter wheat was 
experiencing green-up and plant growth during March to June, the 
more favorable ventilation and greater soil temperature of WN 
(Figure 5) may potentially enhance the winter wheat growth 
(demonstrated by the greater crop yield from the WN in Table 3).  
This suggested that the better growing winter wheat WN probably 
demanded and thus consumed more soil water than UR, possibly 
also contributing to better water use efficiency and thus resulting in 
lower soil water storage under the WN[16].  However, such 
differences in soil water storage were not evident during October 
and November.  This probably can be attributed to two reasons: 1) 
the freshly sown winter wheat had limited demand on soil water, 
thus barely posing persistent effects on soil water storage; 2) the 
irrigation events during each November probably just overruled all 
the possible difference in soil water storage between the WN and 
UR. These results of this study agreed with findings of a similar 
study [24]and demonstrated that the water losses with evaporation 
rise if soil surface is bare and straw mulching provides more 
surface cover improving soil water conservation. 
4.2  Soil temperature  

Under the same air temperature, WN had a higher soil 
temperature than UR, as well as the speed of warming up, during 
the three years’ experiment at both 5cm and 15cm soil depth 
(Figure 5).  This may be caused by the reason that WN provides 
little shelter, which means that WN ground can get more solar 
radiation and warm up.  Although, IPAR of WN was greater, there 
was still more solar radiation hitting on the ground because of the 
wide-narrow row spacing arrangement.  Meanwhile, straw 
mulching reduced soil radiation absorption[25], with fewer residues 
covered and more sun exposure, snow was easy to melt and soil 
temperature went higher on seed belts of WN.  The heavy residue 
could prevent the snow from melting and resist the warming up of 
soil, so the soil temperature of UR was always lower than WN 
during the three years in our study.   

Both plant growth and development are affected by soil 
temperature[26].  The lower soil temperature in winter can freeze 
wheat root of winter wheat, slow down the process of root system 
recover and inhibit absorption speed of water and nutrition, which 
will have adverse effects on later stage of wheat growth; low soil 
temperature in early spring will freeze leaf, stem and spike of 
winter wheat, resist the transportation of water and nutrition for 
photosynthesis, substantially influenced grain growth and lead to 
reduction in yield[25].  The lower soil temperature under more 
straw mulching in spring delayed the development of winter wheat 
up to 7 d, which on average reduced the final grain yield compared 
with no mulching. 
4.3  Photosynthesis and LAI 

Leaf is an important organ for plants to utilize sun radiation 
and produce organic matter.  LAI has been related to crop growth, 
the fraction of absorbed photo-synthetically active radiation, crop 
condition and crop yield[27].  In this study, LAI of WN was 
significantly higher than that of UR, and WN created a better 
canopy structure than that of UR, which resulted in better 
intercepted photosynthetically active radiation, and consequently 
affect Leaf Area Index.  Grain yield is directly related to the 
photosynthesis ability of leaves[28] and PAR may have more 
relationships than traditional growth analysis techniques[29].   

Canopy light environment was improved and radiation use 

efficiency was significantly increased under narrow-wide row 
space planting modes[30], and differences in canopy light 
interception characteristics may be the primary factors responsible 
for differences in the pattern of biomass accumulation[31], so that 
IPAR lead to significant differences in final grain yield.  However, 
in late May of 2013 and 2014 and early May in 2012 and 2013 the 
results were not significantly different and that may affected by 
improper sun’s position and test values might be not accurate. 
4.4  Wheat yield and some yield components 

Yield components including the spike number, kernel number 
per spike and 1000-kernel weight was the primary contributing 
factor to yield formation.  There should be a positively strong 
relationship between yield components and wheat yield.  Higher 
yield components led to higher wheat yield, and proved that higher 
LAI and IPAR did increase crop growth, dry matter accumulation 
and in the end contribute to wheat yield.  There were amount of 
research illustrate that wide-narrow row space planting mode could 
increase crop yield in different degree.  Wide–narrow row space 
arrangement with appropriate plant density could improve seed 
yield for direct-seeded canola [10].  Compared with wide narrow 
and uniform row space under conventional tillage in different 
maize cultivar, the production of wide narrow was the highest[32].  

Edge growth effect is one of the rational reasons, 
well-ventilated condition, higher soil temperature, more sun 
exposure and suitable irrigation work together to provide higher 
yield of WN.  More specially, for no or reduced tillage straw 
mulching also plays an important role in crop yield.  Row spacing 
of WN is wide enough to provide ample room for stacking straw 
into no-till belts and leave relatively clean belts for seeding.  The 
clean belts without amounts of straw can make sure seeds are 
placed into moisture soil rather than lay on straw or residue. 

5  Conclusions 

Results of this study demonstrated that WN had a positive 
impact on higher crop yield in North China Plain.  The improved 
parameters included photosynthetically active radiation, LAI, the 
usage rate of soil water.  Comparing with the UR, the IPAR and 
LAI of WN enhanced by 4.8% and 5.2%, respectively, and the 
wheat yield increased by 519 kg/hm2 (7.2% higher). 

Based on these results, wide–narrow row space planting mode 
for no or reduced tillage seeding when spacing between two rows 
of wheat seeds was “10 cm + 30 cm +10 cm +30 cm”, could be 
considered as an optimum cultivation practice for current winter 
wheat planting in North China Plain.  It brought a high LAI and 
IPAR, and shall increase yield。 Meanwhile, the wider row spacing 
let seeder performs more reliably on heavy straw conservation 
tillage seeding. 
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