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Abstract In order to explore a new mulch-free maize planting mode and the best seedling age for maize transplantation in Shanxi early mature

area, a field experiment was carried out using completely randomized block design. Taking mulch-based direct sowing as the control group,

effects of transplantation in different stage on maize growing process, plant height, three-ear leaf area in mature period, and yield and composi-

tion factors of maize were studied. Results indicate that growing process of maize seedlings transplanted in every stage is slightly slower than the

control group. Transplantation has effect of reducing plant height and three-ear leaf area in mature period. There was no significant difference

between the yield of maize transplanted on May 1st and the control group, and the yield declined only by 7% compared with mulch-based direct

sowing (CK). Damages to maize seedlings by the local late frost must be noticed when maize is planted by the method of mulch-free transplan-

tation in early mature area. Transplanting the seedlings earlier after the late frost is deemed as an appropriate period in this area.
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1 Introduction

In Shanxi early mature area, drought and frost disasters are of fre-
quent occurrence. Thus, maize production in this area can not do
without plastic mulch. Plastic mulch can improve soil moisture

2 . . . .. 3.4
! increase water utilization efflclencyL !

and heat situation'’
and coordinate the relation between soil nutrients and moisture.
However, because PVC mulch film is difficult to degrade, accu-
mulation of residual mulch film in soil has resulted in white pollu-
tion of soil and ecological environment””~*'. In comparison, seed-
ling transplantation is an effective agricultural technical measure
for realizing drought resistance, low temperature resistance, and
increasing per unit area yield of maize. This technology is widely
applied in rice, fruit and melon cultivation, but there are very
limited researches on application of maize production in low tem-
perature and dryland areas'”’. In this situation, we studied mulch-
free maize planting mode in Shanxi early mature area with the aid
of this technology. Existing researches about maize transplantation
period indicate that suitable transplantation period is a guarantee
for high survival rate of transplantation and free from frost damage.
Suitable transplantation is determined by cold resistance of seed-
lings and the time of getting warm after a cold spell. Through ex-
ploring the optimal transplantation period of maize cultivated by
nutrition solution in Heilongjiang Province, Huo Zhaofa et al. '
determined that the suitable maize transplantation period is the pe-
riod when the lowest air temperature passes 0°C. When exploring
the influence of different seedling transplantation period on maize
yield in Bijie of Guizhou Province, Ruan Peijun found that™ the
optimal seedling period is from the middle of March to the middle
of April, and during this period the earlier, the better. In the be-
ginning of March, it is not safe because transplantation of seed-
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lings is vulnerable to frost damage. Researches of Xie Dairong er
al.""" show that seedling and transplantation period not only con-
cerns whether the transplantation can be successful and affect
maize growth and yield, but also exerts great influence on maize
quality. However, there is still no research report about equivalent
ecological conditions for Shanxi early mature area. Therefore, we
studied the optimal transplantation period according to climatic
characteristics such as frost and drought of Shanxi early mature ar-
ea, to promote consolidation and development of seedling breeding
and transplantation technologies.

2 Materials and methods
2.1 Experiment time and place The experiment was carried
out in the Demonstration Base of Agricultural Integrated Water
Conservation Research Supported by National Eleventh Five-Year
Plan in Hecun Village, Yangqu County of Shanxi Province in
2013. This area is situated in central Shanxi Province and has typ-
ical semi-arid climate. Its geographical coordinate is 112. 9°E,
38.0°N and has altitude of 1248.5 m. The average temperature in
January is - 10. 3 °C, and the average temperature in July is
20.2 °C. Besides, its frost-free period is 143.9 days, and accu-
mulated temperature = 10 °C is 2840. 6 C (80% guarantee
rate) ; annual precipitation is 459.0 mm, mainly concentrated in
June to September (accounting for 73. 7% of precipitation of the
whole year) , and the annual average evaporation is 1546.9 mm.
Drought and insufficient accumulated temperature are major factors
restricting agricultural production of this area. The soil in this area
is light cinnamon soil and the nutrient content of 0 —20 cm soil is
14.32 ¢ /kg organic matter, 0. 81 g /kg total nitrogen, 49.22mg /
kg alkali-hydrolyzable nitrogen, 124. 66 mg /kg rapidly available
potassium, and 6. 52 mg /kg rapidly available potassium phos-
phorus.

2.2 Experimental materials and design We took maize vari-
ety KWS3376 as the experiment crop. We took mulch-based direct
sowing as the control group, set 3 outdoor seedling breeding stages
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(April 25, May 1, and May 7) and repeated three times. Breed-
ing of seedlings in every period were carried out in a paper drum
(4 cm diameter and 6 cm height) in small greenhouse in advance.
Seedlings were transplanted to field when they grew to two-leaf pe-
riod. Breeding matrix adopted vegetable garden soil and biological
organic fertilizer (number of living bacteria =0.2 x 10’ and per
gram organic matter =25% ) mixed in 2:1 ratio. The block area
is 14.4 m’ (4 m long and 3.6 m wide). The field planting density
of 4 treatments is 60 cm for row spacing and 25 cm for plant spac-
ing and water and fertilizer management and plant diseases and in-
sect pests control are consistent with each other.

2.3 Survey and measurement items
a record of the whole seedling stage, heading stage, and silking

We observed and made

stage, and measured the plant height on June 5 and July 20 sepa-
rately. We employed the length/width coefficient method to meas-
ure the three-ear leaf area in mature period (length of leaf midvein
x max width of leaf x 0.7). Before harvesting, we selected typ-
ical 10 maize ears with uniform growth, and measured ear length,
thickness, bald ear length, and ear weight. Finally, we harvested
each block separately and measured the actual yield.

2.4 Data analysis Experimental data were processed with the
aid of Excel and SPSS software.

3 Results and analyses

3.1 Influence of different transplantation period on maize
growing process
influence on maize growing process (as shown in Table 1). Al-

Different transplantation period exerts direct

though the sprouting time of mulch-based direct sowing is obvious-
ly later than transplanted maize, the growing process is slightly
faster than transplanted maize, and the time for entering heading
stage and silking stage is 2 - 8 days ahead of transplanted maize.
As for transplantation in different period, the growing process of
maize seedling transplanted on April 25 is the fastest, followed by
May 1, and the slowest is May 7. This indicates that earlier trans-
plantation period brings faster growing process, possibly because
when in earlier transplantation period, the root system suffers little
damage, the symptom of recovery of seedlings becomes lighter,
seedlings will adapt to new soil environment in a faster way and
show faster growing and development process. Nevertheless, it
should be noted that the earlier transplantation period does not
necessarily bring better growing process. For example, in this ex-
periment, maize seedlings transplanted in the earliest period
(April 25) presented frost symptom in the next day after transplan-
tation. Therefore, when determining optimal transplantation peri-
od, it is required to consider maize growth and yield, and also
consider possible risks.

Table 1 Influence of different transplantation periods on maize growing process

Experiment . . Heading Silking Harvesting
Sowing Sprouting
treatment stage stage stage
Mulch-based direct sowing 5.01 5.10 7.06 7.11 10. 10
Transplanted on April 25 4.03 4.10 7.08 7.13 10.10
Transplanted on May 1 4.10 4.16 7.11 7.15 10.10
Transplanted on May 7 4.16 4.22 7.13 7.18 10.10
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Fig.1 Influence of different transplantation periods on maize plant height

3.2
plant height From Fig. 1, no matter in seedling period or head-

Influence of different transplantation period on maize

ing and silking stage, the maize plant height is the highest in
mulch-based direct sowing, followed by April 25 and May 1 (no
significant difference ), and the lowest is maize seedlings trans-
planted on May 7. With postponement of the transplantation peri-
od, the maize plant height in seedling stage and heading and sil-
king stage gradually declines. This is possibly because postpone-

ment of transplantation period relatively shortens the recovery peri-

od of damaged root system, and the root system misses the optimal
recovery period, leading to bad growth of aboveground parts. In
sum, transplantation obviously reduces the maize plant height.

3.3
three-ear leaf area in mature period From measurement re-

Influence of different transplantation period on the

sults of the three-ear leaf area in mature period (Fig. 2), it can
be known that the three-ear leaf area of mulch-based direct sowing
is significantly larger than those transplanted in every transplanta-

tion period. Besides, there is no significant difference in three-ear
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leaf area in mature period of maize transplanted in different trans-
plantation periods. The photosynthesis is the strongest in three-ear
leaf. In the same time, the photosynthesis products will be the
most and will be delivered to maize ears nearby, so the formation
role of economic yield will be the largest. Therefore, the three-ear
leaf plays a great role in promoting growth and yield formation of
female ears. Significant reduction of three-ear leaf area due to

transplantation may be one of reasons for decline in yield.
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Fig.2 Influence of different transplantation periods on the three-
ear leaf area in mature period

3.4 Influence of different transplantation period on traits of
maize ear
yield is highest in mulch-based direct sowing (CK) , followed by

From Table 2, it can be seen that the maize grain

maize transplanted on May 1 with yield reduction only 7% com-
pared with the control group. The maize transplanted on May 7 has
the lowest yield, reducing about 22.9% and 17. 1% respectively,
compared with the control group and maize transplanted on May 1.
It indicates that transplantation period exerts significant influence
on the maize yield. In terms of the yield components, there is no
big difference between the total number of ears of maize transplan-
ted in each transplantation period and its yield. The thickness of
ears of transplanted maize is greatly lower than mulch-based direct
sowing, while there is no significant difference between hundred
grain weight and bald ear length among each treatment. This indi-
cates that transplantation reduces the maize yield mainly through
reducing number of ears. Results of the yield of maize transplanted
in different period reflect that maize transplanted slightly earlier
(on April 25) and later (on May 7) have yields lower than the
maize transplanted on May 1. In Shanxi early mature area, from
May 1, the temperature at Scm topsoil can basically remain at
10°C. Transplantation in this period can prevent maize seedlings
from frost damage, and it is favorable for recovery of injured root
system. Thus, maize transplanted in this period has higher yield,
and this period can be deemed as optimal transplantation period.

Table 2 Influence of transplantation period on the maize yield and the yield components

Experiment Ear length Ear thickness Bald ear Number Hundred grain Actual yield
treatment cm cm length // cm of ears weight /g kg/ha
Mulch based direct sowing 16.9 £0.2 ab 4.6+0.1a 0.6+0.1a 530 £12 ab 33.7x1.3 a 11994.3 +340.5 a
Transplanted on April 25 16.2 £0.4 a 4.9+0.0b 0.8+0.3 a 495 16 be 32.6x1.2a 9942.6 £271.6 be
Transplanted on May 1 17.2+0.5 b 4.5+0.1¢ 0.7+0.2 a 537 26 a 33.5+2.6a 11154.9 +1019.1 ab
Transplanted on May 7 16.1+£0.5 a 4.4+0.1c¢ 0.9+0.2 a 483 £24 ¢ 31.0+x1.3 a 9250.1+£753.7 ¢

4 Conclusions and discussions
In view of actual situations of drought, insufficient accumulated
temperature and many maize varieties unsuitable for mulch-free
planting in Shanxi early mature area, we explored the optimal
transplantation period for mulch-free maize planting in this area.
Through analyzing the difference in field traits and yield of maize
transplanted in different periods, we found that maize transplanted
slightly earlier (on April 25) and later (on May 7) have yields
lower than the maize transplanted on May 1, with yield reducing
only about 7% compared with mulch-based direct sowing (CK).
Compared with mulch based direct sowing, transplanted maize can
be sown in protected field in advance and realize sprouting in ad-
vance, but it is unavoidable to damage root system during trans-
plantation, such as seedling lifting,

ing'""". Therefore, growing process, plant height, and yield of

transport, and soil bury-

maize transplanted in every period in this study are not better than
the mulch-based direct sowing, and there is varied difference be-
cause of different transplantation periods. Researches of Ruan Pei-
jun et al. P’ indicate that the growing process of maize transplanted
in different period is shortened with postponement of seedling peri-
od, and days of sprouting and heading increase with advances of
seedling period. This reflects that earlier seedling transplantation
in suitable period has certain role in increasing the maize yield.
The experiment results show the maize yield gradually increases

with advance of seedling period. In maize growth status, we also
obtained results consistent with existing researches, but the results
of yield are slightly different. With advance of the transplantation
period, the field growth period of maize obviously extends. This is
favorable for fully using the light and heat resources in Shanxi ear-
ly mature area, to increase the light energy utilization efficiency.
Nevertheless, it should be noted that the earlier transplantation
period does not necessarily bring better growing process, and dam-
ages to maize seedlings by the local late frost must be noticed' ™.
Therefore, suitable transplantation period should be as early as
possible after the local frost. According to measurement results in
recent 4 years, the temperature at Scm topsoil can basically re-
main at 10°C from May 1 in Shanxi early mature area. Transplan-
tation at this time will greatly reduce the risk of frost damage. Be-
sides, maize plant height after transplantation in different periods
has slight reduction, which is consistent with findings of Zheng
Wei et al'™ in sweel maize varieties. Transplanted maize presents
reduction of three-ear leaf area in mature period. Since photosyn-
thesis is the basis for yield formation, major position of photosyn-
thesis happens in leaves, especially in the three-ear leaves'"’.
Therefore, it is not difficult to understand why the yield of trans-
planted maize is lower than the control group. Although the yield
of transplanted maize is slightly lower than mulch-based direct so-

(To page 80)
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land, the terrace field changed from mountain slope has increasing
soil nutrients on the whole with the length of farming. With the in-
crease in the length of implementation of changing mountain slope
into terrace field, the soil erosion intensity is reduced in the origi-
nal sloping land, and meanwhile, successive years of farming and
organic and inorganic fertilizer input has effectively promoted the
accumulation of nutrients. The mean of various indicators about
soil nutrients in the terrace field changed from mountain slope for
2 years is lower than in the sloping land, and there is the biggest
difference in soil fertility, while the mean of various indicators a-
bout soil nutrients in the terrace field changed from mountain slope
for 14 years shows a linear upward trend, and the difference in soil

fertility decreases.
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wing, this technology can realize mulch-free maize planting in
Shanxi early mature area, to avoid accumulation of residual
mulch films in soil, leading to white pollution of soil and ecologi-

cal environment.
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