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Abstract
To evaluate the effects of cultivation duration on the soil nitrogen supply capac-
ity of newly constructed solar greenhouses, a combined method of pot bioas-
say depletion experiments and intermittent leaching aerobic incubation was
employed to investigate changes in the nitrogen supply capacity of the top-
soil layer (0–20 cm) in solar greenhouses of different ages in Yangling, Shaanxi
(samples were taken from the field before greenhouse construction and during
the 2nd and 3rd years after construction). The results indicated that with in-
creasing greenhouse cultivation duration, both tomato biomass and nitrogen
uptake increased significantly compared with pre-cultivation conditions. Specif-
ically, tomato plant height, stem diameter, above-ground and root biomass, and
leaf SPAD values in the 2nd and 3rd years were significantly higher than those
before greenhouse construction, while no significant differences were observed
between the 2nd and 3rd years. Nitrogen uptake by tomatoes in the 2nd and
3rd year greenhouses was 2.53 and 3.01 times that of the pre-construction field,
respectively. Compared with the soil before planting, organic matter, total ni-
trogen, and readily available nutrient contents in the 3rd-year greenhouse soil
increased significantly; the mineralizable nitrogen content in the 2nd and 3rd
year greenhouse soils was 2.84 and 2.96 times that of the pre-construction field,
respectively, demonstrating that the nitrogen supply capacity of greenhouse
soil was significantly enhanced with increasing cultivation duration. Correla-
tion analysis revealed that soil organic matter, total nitrogen, initial mineral
nitrogen, and cumulative mineralized nitrogen were all extremely significantly
positively correlated with tomato nitrogen uptake, with the correlation coef-
ficient between cumulative mineralized nitrogen and tomato nitrogen uptake
being the largest, indicating that these indicators can all be used to evaluate
soil nitrogen supply capacity. As cultivation duration increases, the nitrogen
supply capacity of solar greenhouse soil improves significantly, and nitrogen fer-
tilizer application rates should be appropriately reduced in production practice
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with increasing greenhouse cultivation duration.

Full Text
Abstract
Solar greenhouses, developed by Chinese farmers and scientists in the early
1980s, enable winter vegetable production without additional heating or lighting
across much of northern China. The high profitability of greenhouse cultivation
has driven rapid expansion, with the area under solar greenhouse production
increasing dramatically over the past three decades. However, intensive veg-
etable production in these systems typically involves excessive application of
inorganic fertilizers and manure, leading to increased soil organic matter and
accumulation of nutrients and salts. This nutrient accumulation, particularly
nitrate, poses significant environmental risks. Optimizing nitrogen (N) fertil-
izer application is therefore critical for sustainable production, as mineralized N
during crop growth substantially contributes to plant N uptake. Understanding
N mineralization in solar greenhouse soils with different cultivation histories is
essential for rational N fertilization, yet most research has focused on arable
soils, leaving knowledge gaps regarding greenhouse systems.

This study evaluated the effects of cultivation duration on N supply capacity
in the 0–20 cm soil layer of newly built solar greenhouses in Yangling, Shaanxi,
using both pot depletion and Stanford and Smith aerobic incubation methods.
Soil samples were collected before construction (0 year) and after 2 and 3 years
of operation. Tomato response to cultivation history was also investigated. Re-
sults showed that plant height, stem diameter, aboveground and root biomass,
and leaf SPAD values in the 2- and 3-year greenhouses were significantly higher
than pre-construction field conditions, though differences between the 2- and
3-year treatments were not significant. Total N uptake increased with green-
house age, with 2- and 3-year treatments showing 2.53- and 3.01-fold increases,
respectively, compared to pre-construction soils. Soil organic matter, total ni-
trogen, and available nutrient contents increased significantly after 3 years of
cultivation. Mineralizable N in 2- and 3-year greenhouse soils was 2.84 and 2.96
times higher than in pre-construction soils, indicating substantially enhanced N
supply capacity with cultivation duration.

Correlation analysis revealed highly significant positive relationships between
tomato N uptake and soil organic matter, total N, initial mineral N, and cu-
mulative mineralized N (P<0.01), with the strongest correlation observed for
cumulative mineralized N. These findings indicate that all these parameters can
serve as indicators of soil N supply capacity, with mineralized N being the most
reliable. To reduce N losses and improve use efficiency, inorganic N fertilizer
inputs should be decreased as greenhouse cultivation years increase.

Keywords: Solar greenhouse; Cultivation year; Soil nitrogen supply ability;
Nitrogen uptake; Growth; Tomato

chinarxiv.org/items/chinaxiv-201711.01720 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.01720


Introduction
China’s protected cultivation has expanded rapidly, reaching approximately 4.0
million hectares in 2011—nearly 600 times the area in 1980—and continues to
grow at 10% annually. The northwest region represents a major advantage area
for protected vegetable production, with Shaanxi Province alone having over
53,000 hectares of solar greenhouses. However, excessive fertilization, particu-
larly nitrogen, has become increasingly problematic, with some greenhouses re-
ceiving N inputs exceeding crop requirements by fivefold. This over-application
reduces N use efficiency, decreases economic returns, and causes nitrate accumu-
lation in soils while compromising vegetable quality. Rational N management
is therefore a priority for sustainable greenhouse production.

Soil N supply capacity serves as both a critical basis for determining fertilizer
rates and an important indicator of soil fertility. Under long-term excessive N
fertilization and irrigation in solar greenhouses, altered soil temperature and
moisture regimes inevitably affect N supply capacity with increasing cultivation
years. Previous surveys in Yongqing County, Hebei, showed that soil organic
matter increased continuously with cucumber cultivation duration, with total
N content doubling after 13 years compared to pre-planting levels, thereby en-
hancing soil N supply. Clarifying soil N supply characteristics and crop uptake
patterns is essential for improving yields while reducing N losses.

Most research on soil N supply has focused on arable soils, with limited studies
on solar greenhouse systems. Few reports have examined the effects of cultiva-
tion years on soil N supply capacity through continuous, long-term monitoring.
Many existing studies have used a“space-for-time”approach, collecting numerous
soil samples from greenhouses of different ages simultaneously to evaluate culti-
vation effects. While this method shortens research timelines, substantial varia-
tions in fertilization practices among different greenhouses introduce significant
experimental errors. Therefore, 定点连续研究 (fixed-point continuous research)—
collecting samples from the same greenhouses annually from construction on-
ward—is necessary to accurately characterize changes in soil N supply capacity
over time.

Various methods exist for assessing soil N supply capacity. The biological deple-
tion method, which involves continuous cropping to evaluate soil N character-
istics, represents a fundamental approach for assessing N availability. Stanford
and Smith’s intermittent leaching aerobic incubation method is widely used
for evaluating soil N supply capacity under laboratory conditions by determin-
ing N mineralization potential. This study combined both methods to evalu-
ate changes in soil N supply capacity with increasing cultivation years in solar
greenhouses in Yangling, southern Loess Plateau, providing a reliable basis for
rational N management in greenhouse systems.
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1.1 Soil Samples

Soil samples were collected from a protected vegetable production base in Yan-
gling, southern Loess Plateau. The region has a continental monsoon climate
at approximately 520 m elevation, with mean annual precipitation of 630 mm
concentrated in July-September and mean annual temperature of 12.9°C. Soils
are classified as Lou soil. Most solar greenhouses were built in 2009-2010. Dur-
ing construction, the original topsoil (0–90 cm) was removed for insulation walls,
resulting in low nutrient concentrations in the 0–20 cm cultivation layer: organic
matter 8.3 g・kg−1, total N 0.59 g・kg−1, nitrate-N 21.2 mg・kg−1, available P 5.0
mg・kg−1, and available K 123.6 mg・kg−1. Except for available K, all nutrients
were severely deficient.

Individual greenhouses typically cover 350–700 m2, predominantly planted with
tomato (Lycopersicon esculentum Mill.). Transplanting occurs around October
each year, with harvest in late June of the following year. Yields range from 100–
180 t・hm−2, averaging 145 t・hm−2. Organic fertilizers (primarily commercial
chicken and cattle manure) are applied at approximately 142 t・hm−2 annually.
Chemical fertilizers include compound fertilizer, urea, and potassium sulfate,
with N, P2O5, and K2O application rates of 690, 720, and 759 kg・hm−2, respec-
tively. N and K fertilizers are applied as both base and top dressings, while P
fertilizer and organic manure are incorporated before soil preparation.

Thirteen representative 0–20 cm soil samples were selected: 10 greenhouses built
in 2009 and 3 built in 2010. Samples were collected before planting and after
harvest in years 2 and 3 (2009, 2011, and 2012), representing cultivation dura-
tions of 0, 2, and 3 years, with 1, 3, and 10 greenhouses sampled, respectively.
At each greenhouse, three points were sampled and composited. Fresh samples
were cleared of vegetable residues, air-dried, and passed through a 2 mm sieve
for nutrient analysis.

1.2.1 Pot Depletion Experiment

Pot depletion experiments were conducted using the collected soil samples with
tomato as the test crop, grown continuously for three harvests. Three treatments
represented 0, 2, and 3 years of greenhouse cultivation, with five replicates
each. No nitrogen fertilizer was applied; all treatments received phosphorus
and potassium at 0.15 g P2O5・kg−1 soil and 0.15 g K2O・kg−1 soil as calcium
superphosphate and potassium sulfate, respectively.

Experiments were conducted in a net room at the College of Natural Resources
and Environment, Northwest A&F University. Plastic pots (15 cm inner diam-
eter, 20 cm height, with bottom) were filled with 1.5 kg soil mixed thoroughly
with fertilizers. Deionized water was added to maintain soil moisture at 80% of
field capacity. The first tomato crop (‘Jin Peng 11’) was sown on September
24, 2012, with 10 seeds per pot, thinned to 5 plants after emergence. Moisture
was controlled gravimetrically using deionized water. The first harvest occurred
on November 22, when plants were separated into shoots and roots, weighed
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fresh, then dried for biomass and total N determination.

After the first harvest, shoots were removed, and soil from each pot was sieved
(2 mm) to remove roots, then returned to the original pots without fertilizer
addition. The second crop was grown from March 16 to June 10, 2013, and the
third from August 30 to November 15, 2013, using identical procedures. Total
cultivation time was 222 days.

Plant height, stem diameter, and chlorophyll content (SPAD) were measured
periodically, beginning 20 days after transplanting and continuing at 15-day
intervals. One representative plant (weak, medium, and strong growth) was
selected from each pot at each sampling, with values averaged. Soil samples
were collected after each harvest for determination of available N and total N.

1.2.2 Long-term Aerobic Incubation

The Stanford and Smith intermittent leaching aerobic incubation method was
employed. Fifteen grams of air-dried soil (1 mm) were mixed with an equal
mass of quartz sand, moistened with distilled water, and transferred to 50 mL
incubation vessels (polypropylene syringes). The bottom was layered with 6 mm
glass wool, covered with 3 mm glass wool and 10 g quartz sand to prevent soil
particle splashing during leaching. The assembly was gently tapped to ensure
uniform packing.

Soils were leached four times with 100 mL of 0.01 mol・L−1 CaCl2 solution,
and leachates were collected for ammonium and nitrate analysis. Twenty-five
milliliters of N-free nutrient solution (0.002 mol・L−1 CaSO4・2H2O, 0.002 mol・
L−1 MgSO4, 0.005 mol・L−1 Ca(H2PO4)2・2H2O, 0.0025 mol・L−1 K2SO4) was
then added, and the soil was filtered under vacuum (-80 kPa) to remove excess
water. Vessels were sealed with Parafilm and incubated at 35°C. Leaching was
repeated at weeks 0, 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, and
30 using the same procedure. Leachate NO3

−-N and NH4
+-N concentrations

were determined by continuous flow analyzer (Bran+Luebbe AA3, Germany).
Cumulative N mineralization was calculated as the sum of mineralized N across
all incubation periods.

The single-factor exponential model for soil N mineralization:

𝑁𝑡 = 𝑁0(1 − 𝑒−𝑘𝑡)

where 𝑁𝑡 is cumulative N mineralization at time 𝑡 (mg・kg−1), 𝑁0 is the N
mineralization potential (mg・kg−1) representing mineralizable N, 𝑘 is the min-
eralization rate constant, and 𝑡 is incubation time (days).

1.3 Analytical Methods

Soil organic matter, total N, available P, and available K were determined using
conventional analytical methods. After incubation, soil mineral N was extracted
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with 1 mol・L−1 KCl and analyzed for NH4
+-N and NO3

−-N using continuous
flow analyzer. Plant shoots and roots from each harvest were dried, ground to
pass a 0.2 mm sieve, digested with H2SO4-H2O2, and analyzed for total N by
semi-micro Kjeldahl method.

1.4 Data Processing and Analysis

Data were analyzed using SAS 8.0 for ANOVA, correlation analysis, and signif-
icance testing. Figures were prepared using SigmaPlot 12.0.

2.1 Effects of Cultivation Year on Tomato Growth
As shown in , plant height and stem diameter increased continuously with
growth duration across all treatments, with values consistently ranking 3 years
> 2 years > 0 years. Except for plant height at 20 days after transplanting in the
first harvest, all growth parameters in 2- and 3-year greenhouse soils were signif-
icantly higher than pre-construction soils (P<0.05), though differences between
2- and 3-year treatments were not significant.

Within the same cultivation duration, growth indices varied substantially among
harvests. For the 0-year treatment, chlorophyll content at 20 days was signif-
icantly lower in the third harvest than in the first two (P<0.05), while plant
height and stem diameter showed no significant differences among harvests. At
35 days, the third harvest showed significantly greater plant height but lower
chlorophyll content compared to earlier harvests (P<0.05), with no significant
difference in stem diameter. At 50 days, only chlorophyll content differed sig-
nificantly (third harvest < second harvest).

For the 2-year treatment, plant height at 20 days was significantly lower in
the first harvest than in subsequent harvests, while chlorophyll content was
highest in the second harvest. At 35 and 50 days, no significant differences
were observed among harvests. In the 3-year treatment, plant height and stem
diameter at 20 days were significantly lower in the first harvest, while chlorophyll
content was highest in the second harvest. At 35 days, plant height was lower in
the first harvest and chlorophyll content was lower in the third harvest, with no
difference in stem diameter. At 50 days, stem diameter and chlorophyll content
were significantly lower in the third harvest.

Biomass accumulation increased with cultivation duration. Aboveground and
root biomass in 2- and 3-year treatments were significantly higher than in the
0-year treatment (P>0.05 for 2- vs 3-year comparison). The 3-year treatment
showed the greatest aboveground biomass, a 462.9% increase over the 0-year
treatment, while the 2-year treatment increased by 409.1%. Root biomass in-
creased by 61.4% and 105.3% in the 2- and 3-year treatments, respectively.

Within treatments, biomass varied among harvests. In the 0-year treatment,
aboveground biomass in the first and second harvests was 3.9 and 3.3 times
that of the third harvest, respectively, while root biomass was 1.8 and 1.0 times
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greater. In the 2-year treatment, second-harvest aboveground biomass was 1.5
and 3.8 times that of the first and third harvests, respectively. In the 3-year
treatment, second-harvest aboveground biomass was 1.9 and 5.3 times greater
than the first and third harvests, with all differences being significant. Root
biomass did not differ significantly among harvests in either the 2- or 3-year
treatments.

2.2 Effects of Cultivation Year on Tomato N Content and
Uptake
As shown in , N concentrations in both shoots and roots were higher in longer-
cultivated greenhouses. In the first harvest, shoot N concentration was 1.29%
in the 0-year treatment, compared to 1.17 and 1.27 times higher in the 2- and
3-year treatments, respectively. Root N concentration was 0.42% in the 0-year
treatment, increasing to 1.91 and 2.07 times higher in the 2- and 3-year treat-
ments. Across all three harvests, shoot and root N concentrations in the 2- and
3-year treatments were significantly higher than in the 0-year treatment, though
differences between the 2- and 3-year treatments were not significant (P>0.05).

Total N uptake ranged from 28.9 to 251.5 mg・pot−1. Cumulatively, the 2- and
3-year treatments showed 6.0- and 8.7-fold increases over the 0-year treatment
(P<0.05). The 3-year treatment had higher N uptake than the 2-year treatment,
but the difference was not significant (P>0.05). At each growth stage, N up-
take in the 2- and 3-year treatments was significantly higher than in the 0-year
treatment, increasing with cultivation duration, though differences between the
2- and 3-year treatments were not significant.

Within treatments, shoot N concentration in the 0-year treatment was 1.4 and
1.6 times higher in the first harvest than in the second and third harvests,
respectively. In contrast, the 2- and 3-year treatments showed highest shoot N
concentrations in the second harvest. Root N concentrations were significantly
lower in the first and third harvests compared to the second harvest across
all treatments. For N uptake, the third harvest in the 0-year treatment was
significantly lower than the first two harvests, while the 2- and 3-year treatments
showed significantly higher N uptake in the second harvest compared to the first
and third.

2.3 Effects of Cultivation Year on Soil Nutrients, Mineral
N, and Mineralizable N
As shown in , soil organic matter in the 0–20 cm layer increased by 62.1% and
131.0% after 2 and 3 years of cultivation, respectively (P<0.01). Total N content
increased significantly after 3 years, rising 67.1% above pre-construction levels.
Soil mineral N, available P, and available K also increased significantly after 3
years, with average increases of 621.4%, 1445.6%, and 146.9%, respectively.

Initial mineral N content was 13.07 mg・kg−1 in the 0-year treatment, increasing
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by 409.10% and 621.42% in the 2- and 3-year treatments. Mineralizable N
determined by long-term aerobic incubation was 41.4 mg・kg−1 in the 0-year
treatment, increasing significantly to 2.84 and 2.96 times higher in the 2- and
3-year treatments. Tomato N uptake, initial mineral N, and mineralizable N all
increased significantly in the 2- and 3-year treatments compared to the 0-year
treatment (P<0.05).

To accurately evaluate soil N supply capacity, correlations were analyzed be-
tween tomato N uptake and initial mineral N, total N, organic matter, and
cumulative mineralized N. As shown in [Figure 1: see original paper], highly
significant positive correlations were observed (P<0.01), with correlation coeffi-
cients of 0.857, 0.854, 0.933, and 0.886, respectively. The strongest correlation
was between cumulative mineralized N and tomato N uptake, indicating that
soil N supply depends on the magnitude of initial mineral N, total N, and organic
matter content.

3.1 Effects of Cultivation Year on Greenhouse Soil N Supply
Capacity
This study demonstrated that tomato growth parameters (height, stem diame-
ter, above- and below-ground biomass, and chlorophyll content) increased with
cultivation duration, associated with higher soil organic matter, total N, and
available nutrient contents in longer-cultivated greenhouses. Both tomato N
uptake measured by pot depletion and soil mineralizable N measured by inter-
mittent leaching increased significantly. Enhanced N uptake with cultivation
years is attributable to substantial organic manure applications that increase soil
organic matter and total N. Survey data from over 170 greenhouses in the study
area revealed average manure application rates of 142 t・hm−2 (range: 36–360 t・
hm−2), with 62% of greenhouses receiving >120 t・hm−2. Even higher rates (177–
265.1 t・hm−2) have been reported in Shandong, a region with longer greenhouse
cultivation history. Long-term heavy manure application significantly increases
soil organic matter and total N content. Our results showed organic matter
concentrations of 8.7–20.1 g・kg−1 in the 0–20 cm layer, increasing with cul-
tivation years. Zhou’s N depletion experiments similarly demonstrated that
manure application markedly enhances greenhouse soil N supply. Thus, long-
term fertilization, particularly organic amendments, substantially improves the
soil organic N pool and N supply capacity. Consequently, chemical N fertilizer
rates should be reduced as greenhouse cultivation years increase.

While this study clearly shows enhanced soil N supply capacity during the first
three years of greenhouse cultivation, further research is needed to characterize
long-term trends beyond this initial period. Additionally, field conditions differ
substantially from incubation experiments in terms of temperature and mois-
ture regimes, necessitating field trials to quantitatively determine appropriate
reductions in chemical N fertilizer rates.
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3.2 Evaluation Methods for Soil N Supply Capacity
Crop N uptake derives from both inorganic N present at planting and N miner-
alized during growth. Comprehensive assessment of soil N supply capacity must
therefore consider both initial mineral N and mineralization during the growing
period. Since mineralizable N is closely related to soil organic matter and total
N, measuring these parameters provides a simple evaluation approach. Both
biological depletion and long-term intermittent leaching are classical methods
for assessing soil N supply, with the former being the most direct. This study
employed both methods to evaluate N supply capacity across cultivation years.
Results showed highly significant positive correlations between tomato N uptake
and soil organic matter, total N, initial mineral N, and cumulative mineralized
N, confirming their utility as indicators of soil N supply capacity.

Conclusion
With increasing cultivation years in newly built solar greenhouses, tomato
growth indices (height, stem diameter, and chlorophyll content) increased
progressively. Soil organic matter, total N, and available nutrient contents after
three years were significantly higher than pre-construction levels. Tomato N
uptake and soil mineralizable N increased substantially, indicating significantly
enhanced soil N supply capacity. Therefore, chemical N fertilizer application
rates should be reduced in older greenhouses. Soil organic matter, total N,
initial mineral N, and cumulative mineralized N were all highly significantly
correlated with tomato N uptake, with mineralizable N showing the strongest
relationship, demonstrating their effectiveness for evaluating soil N supply
capacity.

References
[1] Li T L. Current situation and prospects of greenhouse industry development
in China[J]. Journal of Shenyang Agricultural University, 2005, 36(2): 131–138

[2] Li J, Li J M, Cao K, et al. Present status and existing problems of studies
on protected agriculture in Northwest China[J]. China Vegetables, 2013(6): 24–
29

[3] Yu J Q. Progress in protected vegetable production and research during‘The
Eleventh Five-Year Plan’in China[J]. China Vegetables, 2011(2): 11–23

[4] Chen Q, Zhang X S, Zhang H Y, et al. Evaluation of current fertilizer prac-
tice and soil fertility in vegetable production in the Beijing region[J]. Nutrient
Cycling in Agroecosystems, 2004, 69(1): 51–58

[5] He F F, Chen Q, Jiang R F, et al. Yield and nitrogen balance of greenhouse
tomato (Lycopersicum esculentum Mill.) with conventional and site-specific
nitrogen management in northern China[J]. Nutrient Cycling in Agroecosystems,
2007, 77(1): 1–14

chinarxiv.org/items/chinaxiv-201711.01720 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.01720


[6] Guo R Y, Nendel C, Rahn C, et al. Tracking nitrogen losses in a greenhouse
crop rotation experiment in north China using the EU-Rotate_N simulation
model[J]. Environmental Pollution, 2010, 158(6): 2218–2229

[7] Liang X S, Gao Y A, Zhang X Y, et al. Effect of optimal daily fertigation
on migration of water and salt in soil, root growth and fruit yield of cucumber
(Cucumis sativus L.) in solar-greenhouse[J]. PLoS One, 2014, 9(1): e86975

[8] Sepaskhah A R, Tafteh A. Yield and nitrogen leaching in rapeseed field
under different nitrogen rates and water saving irrigation[J]. Agricultural Water
Management, 2012, 112: 55–62

[9] Guo J H, Liu X J, Zhang Y, et al. Significant acidification in major Chinese
croplands[J]. Science, 2010, 327(5968): 1008–1010

[10] Riya S, Min J, Zhou S, et al. Short-term responses of nitrous oxide emissions
and concentration profiles to fertilization and irrigation in greenhouse vegetable
cultivation[J]. Pedosphere, 2012, 22(6): 764–775

[11] Liu J X, Ma L, Li B W, et al. Changes in physicochemical properties in
cucumber greenhouse under different cultivating years[J]. Journal of Soil and
Water Conservation, 2013, 27(5): 164–168

[12] Zhao M Q, Shi Y, Chen X, et al. Soil nitrogen accumulation in different
ages of vegetable greenhouses[J]. Procedia Environmental Sciences, 2011, 8: 21–
25

[13] Sun J, Zhang Y G, Liu Q L, et al. Effect of manipulation fertilization on
soil inorganic nitrogen and characteristics of mineralization of protected soils in
Beijing suburb[J]. Soils and Fertilizers Sciences in China, 2012(2): 8–13

[14] Yan D Z, Wang D J. Methods for studying soil nitrogen supply capacity[J].
Soils, 2005, 37(1): 20–24

[15] Stanford G, Smith S J. Nitrogen mineralization potentials of soils[J]. Soil
Science Society of America Journal, 1972, 36(3): 465–472

[16] Gao J J, Bai X L, Zhou B, et al. Soil nutrient content and nutrient bal-
ances in newly-built solar greenhouses in northern China[J]. Nutrient Cycling
in Agroecosystems, 2012, 94(1): 63–73

[17] Zhou B, Chen Z J, Zhou J B. Effect of different fertilizer and water man-
agements on the yield and quality of tomatoes and nutrient accumulations soil
cultivated sunlight greenhouse[J]. Journal of Northwest Sci-Tech University of
Agriculture and Forestry: Natural Science Edition, 2006, 34(4): 58–62

[18] Sparks D L. Methods of Soil Analysis. Part 3. Chemical Methods[M].
Madison: SSSAbook, 1996

[19] Zhou D P, Chu C B, Liu F F, et al. Effect of asparagu’s cultivation years
on physio-chemical properties, microbial community and enzyme activities in
greenhouse soil[J]. Plant Nutrition and Fertilizer Science, 2012, 18(2): 459–466

chinarxiv.org/items/chinaxiv-201711.01720 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.01720


[20] Wang Y N, Zeng X B, Wang Y Z, et al. Effects of vegetable cultivation
years on microbial biodiversity and abundance of nitrogen cycling in greenhouse
soils[J]. Chinese Journal of Applied Ecology, 2014, 25(4): 1115–1124

[21] Bai X L, Gao J J, Lei J F, et al. Survey of fertilizer application of
tomato in new-established greenhouse in Yangling[J]. Acta Agriculturae
Boreali-occidentalis Sinica, 2013, 22(2): 148–151

[22] Cao W Q, Zhang W H, Chen W, et al. Analysis of characteristics of fertil-
izer input and absorption in Jinan greenhouse[J]. Southwest China Journal of
Agricultural Sciences, 2011, 24(5): 1818–1827

[23] Yu H Y, Li T X, Zhang X Z. Nutrient budget and soil nutrient status in
greenhouse system[J]. Scientia Agricultura Sinica, 2010, 43(3): 514–522

[24] Cao Q W, Zhang W H, Li L B, et al. Distribution and accumulation char-
acteristics of nutrients in solar greenhouse soil in Jinan, Shandong Province of
East China[J]. Chinese Journal of Applied Ecology, 2012, 23(1): 115–124

[25] Zhou B. Characteristics of nitrogen supply from manure under solar green-
house[D]. Yangling: Northwest A&F University, 2012

[26] Guan Y, Yu W T, Li J D. Effects of long-term fertilization on soil nutrient
pool[J]. Chinese Journal of Ecology, 2004, 23(6): 131–137

[27] Fu H F, Li S X. Soil nitrogen mineralization and soil N-supplying capacities
�. The relationship between mineralized N and plant uptake N[J]. Journal of
Northwest Sci-Tech University of Agriculture and Forestry, 1992, 20(S1): 53–58

[28] Jin F H, Li S Q, Lu H L, et al. Estimation of the biological methods on
assessing soil nitrogen-supplying capacity in calcareous soil[J]. Scientia Agricul-
tura Sinica, 2007, 40(7): 1526–1533

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201711.01720 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.01720

	Effects of Cultivation Years on Tomato Growth and Soil Nitrogen Supply Capacity in Newly Built Solar Greenhouses (Postprint)
	Abstract
	Full Text
	Abstract
	Introduction
	1.1 Soil Samples
	1.2.1 Pot Depletion Experiment
	1.2.2 Long-term Aerobic Incubation
	1.3 Analytical Methods
	1.4 Data Processing and Analysis

	2.1 Effects of Cultivation Year on Tomato Growth
	2.2 Effects of Cultivation Year on Tomato N Content and Uptake
	2.3 Effects of Cultivation Year on Soil Nutrients, Mineral N, and Mineralizable N
	3.1 Effects of Cultivation Year on Greenhouse Soil N Supply Capacity
	3.2 Evaluation Methods for Soil N Supply Capacity
	Conclusion
	References


