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Abstract

:

Light conditions and nitrogen fertilizer are crucial for plant growth, especially in the underground situations without sunlight and nitrogen deposition. In this paper, the effects of photoperiod (12 h and 16 h lighting time per day), light intensity (200, 300 and 400 μmol m−2 s−1) and nitrogen addition (0, 0.15, 0.3 and 0.45 g N kg−1 soil) on pakchoi growth and specific soil enzyme activity were investigated. The results demonstrated that there were strong interactive effects of light intensity and nitrogen addition on plant yield. The plant yield changed parabolically with increasing nitrogen addition when a light intensity was given between 200 and 300 μmol m−2 s−1, while the yield decreased linearly with increasing nitrogen application under the light intensity of 400 μmol m−2 s−1. The combination of 16 h photoperiod, 300 μmol m−2 s−1 light intensity and 0.3 g N kg−1 soil nitrogen addition was the best for pakchoi growth. The investigation of soil enzyme showed that the activity of urease responded negatively to nitrogen addition, whereas the activity of phosphatase had positive correlation with light intensity but was not affected by nitrogen addition. Our results suggested that the toxic effect of excessive nitrogen was a better explanation for the interactive effects of light and nitrogen than the plant-microbe interaction framework. The critical toxicity level of nitrogen for pakchoi was determined and showed negative correlation with light intensity.
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1. Introduction


To meet the future challenges such as climate change, environment pollution and resource use, especially the potential agricultural resources limitation, an underground space utilization project has been launched to explore the feasibility of underground medicine and agriculture [1,2,3]. In underground agricultural production, the balance of crop yield and production costs can be achieved through the optimization of light and nutrient. It is therefore essential to study the effects of light and nutrient (here refers to nitrogen) on plant growth, and find an efficient light-nitrogen management for agricultural production in the underground environment.



Although most researches related to the influence of the light and nitrogen (N) on plant development have been conducted separately, the interaction between these two factors was also found and investigated for specific plants [4,5,6,7]. The study of Hernández et al. [6] showed an interactive effect of light and N on tomato (Solanum lycopersicum L.) growth that as the N dose (3, 7 and 14 mM) increased, the total fruit yield increased first, then decreased slightly under shade condition (60% natural light) while it kept increasing under natural light condition. The total fruit yield reached the maximum under the condition with natural light and 14 mM N. Stagnari et al. [5] found that the yield of lettuce (Lactuca sativa L.) changed parabolically with the N dose (0, 75, 150 and 300 kg N ha−1) under different light intensities (0, 50, 65 and 85% photosynthetically active radiation reduction). The harvested yield reached the maximum under the condition with 0.9% photosynthetically active radiation reduction (almost natural light) and 185 kg ha−1 N (moderate level). The differences in yield responding to light-nitrogen conditions between tomato and lettuce implied that the interactive effect could be species and variety specified.



A noteworthy light-nitrogen interaction in lettuce growth was proposed by Fu et al. [4] that as N dose (7, 15 and 23 mmol L−1) increased, the yield of lettuce increased under the low and moderate light intensity (60 and 140 μmol m−2 s−1) while it decreased under high light intensity (220 μmol m−2 s−1). The high light intensity and low N dose was the optimal combination for both yield and quality. Under high light intensity, the yield reduction induced by high N was ascribed to the toxic effect of high N dose [8]. However, the negative effect of N addition on plant growth was also observed even when N dose were under the toxicity level in most studies [9]. N addition aggravates the imbalance of N/P for plants, and ultimately leads to reduction in plant yield [10,11]. Hence, these inconsistent researches indicate that the mechanism is still unclear, where further investigations are needed.



As an important indicator of changes in soil biogeochemical cycling [12,13], soil enzymes could hydrolyze soil organic matters and release mineral nutrients that can be absorbed by plant root. This means that the soil nutrient availability could be affected by the soil enzyme activity. While some studies tried to explain the interaction between light and nitrogen from the aspect of plant physiology [4,14], rare of them has taken soil enzymes into account. It is therefore significant to reveal the interaction effects of light and N on plant growth considering soil enzymes.



Here we selected Pakchoi (Brassica chinensis L.), a traditional and popular cruciferous vegetable, as the target plant to conduct the underground agricultural experiments with different combinations of light condition and N supply. The objectives of this paper are to: (1) investigate the interactive effects of light and nitrogen on pakchoi growth considering soil enzymes; (2) propose an efficient light-nitrogen management for pakchoi growth in the underground environment.




2. Materials and Methods


2.1. Experimental Design


To investigate the interaction effect of light and N on the growth of pakchoi, two photoperiods, three levels of photosynthetic photon flux density (PPFD) and four N supply levels were included in our experiment. There were 24 treatments in total after the combination of these factors and the details of the treatments are shown in Table 1. Each of the treatments has three replications. The light resource was provided by white LED devices, which were automatically controlled to set the light intensity and photoperiod. The established N levels were manipulated by applying urea (46% N) solution at the 5th day after singling.



The experiment was carried out in the underground laboratory (3 m below ground) of Sichuan University (30°37′4′′ N, 104°04′32′′ E) from 20 April to 25 May 2019. The soil used in this study was the surface soil (0–10 cm) sampled from an agricultural field (30°25′00′′ N, 103°31′56′′ E) in Qionglai City, Sichuan Province, China. The soil samples were then air-dried and passed through 2 mm sieve. The soil was classified as silt loam using dry laser particle size analyzer (HELOS-RODOS, Sympatec GmbH, Clausthal-Zellerfeld, Germany). The physicochemical properties of the soil were measured according to Bao [15] and the relative data are shown in Table 2. The pakchoi seeds were soaked in distilled water for 6 h and seeds were then directly sown into each plastic pot (17.5 cm in height and 16 cm in diameter) containing 2.1 kg dry soil. Water was supplied every day to 80% of the field capacity to avoid water deficiency. Excessive seedlings were removed when the third true leaf emerged and three seedlings was left in each pot to grow for thirty days until harvest.



The environmental data including air pressure, temperature and humidity were collected by HOBO Micro Station (H21-USB, ONSET, Bourne, MA, USA). During the study period, the air pressure in the underground laboratory was 95 ± 0.4 KPa, while the ambient temperature ranged from 21 °C (night) to 25 °C (day), and the relative air humidity varied between 55% and 70%.




2.2. Plant Biomass and Chlorophyll Content Index


The third true leaf (fully expanded) of each individual plant was selected to determine the foliar Chlorophyll Content Index (CCI) [16]. CCI was measured using a nondestructive hand-held chlorophyll meter (CCM-200, Opti-Sciences, Tyngsboro, MA, USA) at the thirtieth day after singling. Then all the plants were harvested for biomass measurements. Fresh weight (FW) was measured by an electronic analytical balance (PR124ZH/E, OHAUS, Parsippany, NJ, USA), then the plant samples were dried at 105 °C for 1 h and 65 °C for another 48 h to determine the dry weight (DW).




2.3. Measurements of Soil Enzyme Activities


The rhizospheric soil was collected in the method referred to Chaparro et al. [17] for enzyme activity measurement after plants harvest. The activities of urease and acid phosphatase, which involved in N acquisition and P acquisition respectively, were determined using colorimetric methods.



The acid phosphatase enzyme activity was measured as follow: 4 mL of modified universal buffer (pH 6.5) and 1 mL of 4-Nitrophenylphosphoric acid disodium salt solution were added to 1 g air-dried soil for incubating at 37 °C for 1 h. Then 0.5 M CaCl2 and 0.5 M NaOH were added to the incubated solution followed by filtering. The filtered solutions were measured immediately using UV spectrophotometer (Yoke, Shanghai, China) at a wavelength of 420 nm [18].



The activity of urease was measured by incubating 5 g air-dried soil with 10 mL of 10% urea solution and 20 mL of citrate buffer (pH = 6.7) for 24 h at 37 °C. After being filtered, 1.35 M sodium phenoxide and 0.9% sodium hypochlorite were added to facilitate color development. Ammonium concentration was determined spectrophotometrically at 578 nm [19].




2.4. Theories Description


2.4.1. Toxic Effect Theory


Appropriate N addition favors the growth of plant, but excessive N addition can decrease the plant yield [20,21]. This negative effect of nutrient addition on plant primary production has been ascribed mainly to a potential toxic effect of N [22,23].



When NH4+ uptake exceeded the assimilation capacity and accumulated in the tissue, it can be harmful to plant [8]. High N content in plant tissue could impair plant photosynthetic function, lead to membrane dysfunction [24] and imbalance of C-N metabolism [25], and ultimately reduce plant yield. Previous studies have suggested that the critical toxicity level of N varied from plant species [26,27].




2.4.2. Plant-Microbe Interaction Framework


Capek et al. [9] provided a general conceptual framework of plant-microbe interactions considering the activity of the soil microorganisms and the level of cooperation with plants to explain the observed contrasting responses of primary production to nutrient addition.



The relative amount of available soil N and P is expressed as the molar ratio between available N and P in the soil (N/PSOIL), and the organism’s demand for these nutrients is expressed as the N/P critical ratio (N/PCR). In the following, N/  P  CR   plant    denotes the plant N/PCR and N/  P  CR   mic    denotes the N/PCR of the soil microbial community. When the organism critical ratio and N/PSOIL are equal, organisms experience optimal or balanced nutrition. When N/PSOIL is lower than the critical ratio, organism growth is N-limited; on the other hand when the N/PSOIL is higher than the critical ratio, the organism growth is P-limited. Addition of N or P to an organism whose growth is N or P-limited promotes growth and thus biomass production. Although plant and microorganisms experience the same N/PSOIL since they share the same pool of soil nutrients, their nutrient demand differs. N/  P  CR   plant    is generally higher than N/  P  CR   mic    along a gradient of N/PSOIL. Thus, plants require more N per unit of P than soil microorganisms and can be N-limited when soil microorganisms are P-limited. Based on the data from 51 factorial N-P fertilization experiments conducted in a range of ecosystems, soil microorganisms are considered P-limited at N/PSOIL above 6.3 (±1.0 s.e.m.) and plants are considered P-limited at N/PCR above 42.4 (±8.5 s.e.m.). Plants are therefore N-limited between N/PSOIL = 6.3 and 42.4, whereas soil microorganisms are P-limited.





2.5. Statistical Analysis


Three-way Analysis of Variance (ANOVA) was used to examine the effects of photoperiod, light intensity and N fertilization, and their interactions on all respective variables. Individual treatment means were statistically evaluated using Duncan’s multiple range test to identify whether they were significantly different at the 0.05 probability level. Linear and quadratic regression models were used to analyze the relationships between pakchoi dry weight and N addition under different light conditions. All statistical analysis was performed using the IBM SPSS Statistics 19 (SPSS, Chicago, IL, USA). Graphs are made by OriginPro 2016 (OriginLab, Northampton, MA, USA).





3. Results


3.1. Plant Growth and Yield


Figure 1 presents the plant height, fresh weight and dry weight of pakchoi in different treatments. The height of pakchoi was found to be significantly affected by light conditions (Table 3). Plant height decreased with increasing light intensity. The average plant height under L1 light intensities were 20% and 28% higher than that under L2 and L3, respectively. Plant height also decreased under prolonged photoperiod. The average plant height under T2 photoperiod was 10% lower than that under T1 (Figure 1A). However, the results showed no obvious correlation between plant height and N addition (Table 3).



Strong interactive effects of light intensity and N addition on plant biomass were observed in this study (Table 3). At the light intensity of 200 and 300 μmol m−2 s−1, the dry biomass changed parabolically with increasing N addition (Figure 2A,B,D,E). The dry biomasses of pakchoi at N2 were 41% and 15% greater than that at N0 and N3 respectively at the light intensity of 200 μmol m−2 s−1, and were 45% and 10% greater than that at N0 and N3 at the light intensity of 300 μmol m−2 s−1. Interestingly, when light intensity increased to 400 μmol m−2 s−1, dry biomass decreased linearly with increasing N addition (Figure 2C,F). Our results suggested that the optimal N addition level for pakchoi under the light intensities of 200 and 300 μmol m−2 s−1 was around 0.3 g N kg−1 while the N addition of 0.15 g N kg−1 may exceed the optimal N demand of pakchoi at the light intensity of 400 μmol m−2 s−1. Besides, the dry weight of pakchoi under T2 was 7% higher than that under T1, which indicated the positive effect of photoperiod on the yield of pakchoi. In conclusion, the highest yield of pakchoi was observed under the combination of T2L2N2 (no significant difference from T1L2N2), while T1L3N3 induced the lowest yield. The fresh weight showed a similar trend with the dry weight in different treatments (Figure 1B,C).




3.2. Chlorophyll Content Index


CCI can be used to evaluate foliar chlorophyll content [28], and high CCI indicates high chlorophyll content in plant leaf. As shown in Table 3, CCI increased significantly (p < 0.05) with the increasing N addition. The N0 treatment induced the lowest CCI, while CCI increased by 30–50% in N3 treatment than that in N0 treatment (Figure 3).



Table 3 demonstrated that there was also significant impact of light intensity and photoperiod on CCI. The pakchoi under the 16 h photoperiod contained relatively higher CCI (7% on average) than that under the 12 h photoperiod, whereas CCI in the L1 treatment was on average 8% and 10% higher than that in L2 and L3, respectively (Figure 3).




3.3. Soil Urease and Phosphatase Activities


Figure 4A shows the activity of soil urease in different treatments. Irrespective of the light conditions, the activity of urease significantly (p < 0.05) decreased with the increasing N addition. The N3 treatment induced the lowest urease activity which was 30% lower than that in the N0 treatment on average. No remarkable differences in the activities of urease were found among different light conditions.



Unlike the urease, the activity of phosphatase was influenced by the light condition (Table 3). Both of the increasing light intensity and the prolonged photoperiod enhanced the phosphatase activity (Figure 4B). The activity of phosphatase in the treatment of L3 was 27% and 16% higher than that in L1 and L2 respectively, and was 10% higher in T2 than that in T1. However, N addition had no significant impact on the activity of phosphatase.





4. Discussion


4.1. Effects of Light or N


Pakchoi height decreased with increasing light (Figure 1A). Similar phenomenon was also found in previous studies [29,30]. On one hand, many plants can express the shade-avoidance syndrome by growing taller to compete for light when exposed to low light intensity [31,32]. On the other hand, plant can also increase the chlorophyll content to cope with the shade since high chlorophyll content can help plant intercept the available light efficiently at low light intensity [33]. In our study, high chlorophyll content was not only observed at the low light intensity, but also detected at the high N addition (Figure 3). In fact, the synthesis of chlorophyll requires the participation of N. Moriwaki et al. [34] concluded that up to 2.5% of the total leaf N was allocated to chlorophyll biosynthesis, and therefore increasing N supply could promote leaf chlorophyll content. Besides, the study of Wang et al. [35] found that longer photoperiod could provide more time for high-efficiency chlorophyll biosynthesis and increase chlorophyll content.



The pakchoi yield was affected by both the light conditions (light intensity and photoperiod) and the N addition. Plant yield benefited from prolonged photoperiod (Figure 1C). Under a longer photoperiod, plants have more time for photosynthesis and may have higher net photosynthesis rate due to the increased CCI (Figure 3). Moreover, light exposure seemed to promote plant N uptake through transcriptional regulation of N uptake-related genes [36]. Taken together, a longer photoperiod may improve both the photosynthesis and the plant nutrition acquisition, resulting in higher plant yield.




4.2. Interactive Effects of Light and N


Strong interactive effects of light intensity and N addition on pakchoi yield were found that at the light intensities of 200 and 300 μmol m−2 s−1, appropriate N addition favored the yield, but excessive N addition reduced the yield (Figure 1C). However, the situation was different at the light intensity of 400μmol m−2 s−1 where a linear decrease in plant yield was found with increasing N. In fact, the negative (and counterintuitive) effects of nutrient addition beyond the optimum rate on plant primary production were frequently observed [37,38]. It is significant to determine the critical toxicity level before applying the toxic effect theory to explain the yield reduction, whereas the plant-microbe interaction framework can be applied regardless of the toxicity level. Here, both of the two theories were applied with the lack of determined toxicity level for pakchoi.



4.2.1. Toxic Effect of N


As shown in Figure 1C, regardless of the photoperiod, the plant achieved the optimal yield at N2 under L1 and L2, while the optimal yield was achieved at N0 under L3, which implied that the critical toxicity level of N for pakchoi was about 2.2 g N kg−1 (background value + N addition = 1.9 + 0.3 g N kg−1) under L1 and L2, and about 1.9 g N kg-1 under L3. Hence, more N was adsorbed by plants with N addition, resulting in production increase, till the critical toxicity level. Moreover, our results also showed that the critical toxicity level was negatively correlated to the light intensity. It has been reported that the ratio of in vitro ribulose-1,5-bisphosphate carboxylase activity to electron transport/photophosphorylation activity decreased with the increase of light intensity [14], suggesting that the optimal nitrogen dosage for plant under high light intensity is lower than that under low light intensity.




4.2.2. Plant-Microbe Interaction Effect of N


As shown in Table 4, the N/PSOIL s were all in the range of 10.4~12.6 at N0, which indicated that the plant was limited by N and the microorganisms was limited by P. When N addition increased to N1, the plant yield increased since the plant N limitation was alleviated by the N addition under L1 and L2. However, the N/  P  CR   plant    is not a constant value due to the impact of light. Under high light intensity, the optimal nitrogen amount for plant was lower than that under low light intensity [14]. Moreover, previous study showed that the critical soil available P value for plant aboveground biomass was higher under high light than low light [39]. Hence, the potential N/  P  CR   plant    will decrease with the increasing light intensity. When N/PSOIL increased above the relatively low N/  P  CR   plant    under L3, P became limiting for both plants and soil microorganisms. The more N is added, the more limiting P becomes (Figure 5), leading to increased plant-microbe competition. Microorganisms may decrease the availability of P for plants by P immobilization in the microbial biomass, decomposition of P-mobilizing organic compounds released by roots, and counteracting root-induced pH decrease by proton consumption during ammonification to compete the limited P with plant, resulting in plant yield reduction [40]. When N addition increased to N3, the N/PSOIL s (31.1~35.3) increased above the N/  P  CR   plant    under L1 and L2, leading to the similar yield reduction as under L3. Meanwhile, plant yield declined further with the more severe P limitation induced by N addition under L3.





4.3. Urease and Phosphatase Activity


As the only N source in our study, the added urea is unable to be utilized directly by plants, and urease is the enzyme that can catalyze the hydrolysis of urea [41]. A negative response of urease activity to N addition was observed in our study (Figure 4A). Previous study showed that soil microbes suffer from N limitation under low N treatment [42] and release more urease to facilitate N acquisition, resulting in higher urease activity [43]. Besides, N addition was found to aggravate microbial carbon limitation [44], causing an imbalance of C/N, and a relatively lower urease activity was helpful to avoid severe imbalance of C/N [42,44] under high N treatment.



The activity of extracellular phosphatases in soil has been reported many times to be positively correlated with N fertilization across different ecosystems [43,45]. As explained by the plant-microbe interaction framework, the N/PSOIL increased with the N addition, resulting in the transfer from N-limitation to P-limitation for plants, and the more serious P-limitation for microorganisms. Hence, high phosphatase activity in high N treatment was expected since more phosphatases were produced by plants and microorganisms to alleviate the P-limitation. However, the phosphatase activity showed no response to N addition in our study. The inconsistence between measurement and prediction indicated that plants might not be suffering P-limitation at all. Hence, rather than the imbalance of N and P resulting from excess N addition, the studies we identified that show negative responses to N were more consistent with the toxic effect.



Both of the urease and phosphatase can be produced by plants and microorganisms, e.g., microbes are capable of producing both acid and alkaline phosphatases, plants can only produce acid phosphatases [46,47,48]. In our study, the urease activity showed no response to light conditions, whereas the phosphatase activity was positively correlated to light intensity and photoperiod (Figure 4). The photosynthesis of plant increasing with light intensity till light saturation point induces more nutrient requirement, which could stimulate plant root to produce more enzymes or more rhizosphere exudates to enhance the extracellular enzyme production. This means that enzymes produced by plants could have positive correlation with light intensity. However, most microorganisms in soils are not exposed to light, and moreover are heterotrophs that cannot use energy from light, which implies that enzymes produced by microorganisms have no response to light intensity. Hence, we can make a reasonable speculation that the urease is mainly produced by microorganisms while the acid phosphatase is primarily produced by plants.





5. Conclusions


In this study, we investigated the influence of different light conditions and nitrogen additions on pakchoi growth and specific soil enzyme activities in an underground environment. Strong interactive effects of light intensity and nitrogen addition on pakchoi yield were observed. Under the light intensity of 200 and 300 μmol m−2 s−1, the plant yield firstly increased with increasing nitrogen addition then decreased when excessive nitrogen was added. However, the plant yield decreased linearly with nitrogen addition under high light intensity of 400 μmol m−2 s−1. Furthermore, a longer photoperiod could benefit plant yield through increasing chlorophyll content and enhanced nutrition acquisition. The combination of 16 h photoperiod, 300 μmol m−2 s−1 light intensity and 0.3 g N kg−1 soil nitrogen addition induced the highest yield for pakchoi. This result could provide a guide to the pakchoi planting in greenhouse or underground space. Both of the toxic effect of excessive N and plant-microbe interaction framework explained the interactive effect of light and N well. However, the soil enzyme investigation showed that the phosphatase activity had no response and positive response to N addition and light intensity respectively, suggesting that the toxic effect of excess N was more proper for our study. However, recent mechanisms are still far from clear, and more comprehensive studies including effects of soil P and C pools and relevant microbial dynamic to nutrient addition are needed to strengthen the findings.
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Figure 1. Plant height (A), fresh weight (B) and dry weight (C) of pakchoi under different treatments. Error bars represent the standard error of the means (n = 3). Bars with different lowercase letters are significantly different according to the Duncan test at p < 0.05. T, L, and N represents photoperiod, photosynthetic photon flux density, and nitrogen supply respectively. 
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Figure 2. Relationships between pakchoi dry weight and N addition under different light conditions of T1L1(A), T1L2(B), T1L3(C), T2L1(D), T2L2(E), T2L3(F). Regression equation, R2 and root mean square error (RMSE) are also presented. 
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Figure 3. CCI of pakchoi leaves in different treatments. Error bars represent the standard error of the means (n = 3). Bars with different letters lowercase are significantly different according to the Duncan test at p < 0.05. 
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Figure 4. The activities of soil urease (A) and phosphatase (B) in different treatments. Error bars represent the standard error of the means (n = 3). Bars with different letters lowercase are significantly different according to the Duncan test at p < 0.05. 
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Figure 5. Conceptual scheme of plant-microbe interactions based on plant and microbial N/PCR. Plant demand for P (in relation to N demand) is lower than microbial demand for P. (A) pakchoi suffered N limitation and microorganisms suffered P limitation at N/PSOIL between plant and microbial N/PCR; (B) pakchoi and microorganisms shared P limitation when N/  P  CR   plant    decreased with light intensity. 
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Table 1. Details of the treatments.
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Photoperiod (T)

	
PPFD (L)

	
Nitrogen Supply (N)






	
T1: 12-h light,12-h dark

	
L1: 200 μmol m−2 s−1

L2: 300 μmol m−2 s−1

L3: 400 μmol m−2 s−1

	
N0: 0 g N kg−1




	
N1: 0.15 g N kg−1




	
T2:16-h light, 8-h dark

	
N2: 0.3 g N kg−1




	
N3: 0.45 g N kg−1








Abbreviations: T = Photoperiod, L = Photosynthetic photon flux density, N = Nitrogen supply. For example, the combination T1L1N1 means a photoperiod of 12-h light a day with the light intensity of 200 μmol m−2 s-1, and the soil was fertilized with 0.15 g N kg-1. PPFD denotes photosynthetic photon flux density.
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Table 2. Soil physicochemical properties.






Table 2. Soil physicochemical properties.





	Soil Bulk

Density
	Field Capacity
	pH
	Electrical Conductivity
	Organic Carbon
	Total N Content
	Total P Content
	Total K Content





	1.12 g/cm3
	40.72%
	6.58
	219 μS/cm
	27.69 g kg−1
	1.90 g kg−1
	0.62 g kg−1
	14.03 g kg−1
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Table 3. Three-way ANOVA indicating the effects of independent variables (photoperiod, light intensity and N fertilization) and their interactions on dependent variables with significant p < 0.05. n.s. represents no significant difference at the 5% level. CCI denotes chlorophyll content index.
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	Treatment
	Plant Height
	Fresh Weight
	Dry Weight
	CCI
	Urease Activity
	Phosphatase Activity





	T
	<0.0001
	0.0392
	0.0085
	0.0299
	n.s.
	<0.0001



	L
	<0.0001
	<0.0001
	<0.0001
	0.0263
	n.s.
	<0.0001



	N
	n.s.
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	n.s.



	TL
	n.s.
	n.s.
	n.s.
	n.s.
	n.s.
	0.0039



	TN
	n.s.
	n.s.
	n.s.
	n.s.
	n.s.
	n.s.



	LN
	n.s.
	<0.0001
	<0.0001
	n.s.
	n.s.
	n.s.



	TLN
	n.s.
	n.s.
	n.s.
	n.s.
	n.s.
	n.s.
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Table 4. The available N and P in soils and the molar ratio of N and P in soils (N/PSOIL).
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L1

	
L2

	
L3




	

	

	
N0

	
N1

	
N2

	
N3

	
N0

	
N1

	
N2

	
N3

	
N0

	
N1

	
N2

	
N3






	
T1

	
N (mg kg−1)

	
80.7(±11.5)

	
131.1(±16.9)

	
182.5(±26.8)

	
248.3(±17.2)

	
73.3(±7.0)

	
126.5(±8.7)

	
167.5(±16.5)

	
230.1(±19.4)

	
87.2(±26.5)

	
122.7(±11.7)

	
193.7(±14.9)

	
243.1(±25.2)




	
P (mg kg−1)

	
16.3(±0.7)

	
15.7(±0.7)

	
16.0(±0.7)

	
15.6(±0.1)

	
15.6(±0.5)

	
16.3(±0.3)

	
15.7(±0.4)

	
16.1(±0.9)

	
16.0(±0.8)

	
15.7(±0.4)

	
15.8(±1.0)

	
16.6(±0.9)




	
N/PSOIL

	
11.0(±1.5)

	
18.5(±2.6)

	
25.2(±5.0)

	
35.3(±2.6)

	
10.4(±1.2)

	
17.2(±1.5)

	
23.6(±2.8)

	
31.6(±2.4)

	
12.1(±4.4)

	
17.3(±2.0)

	
27.2(±2.4)

	
32.4(±5.0)




	
T2

	
N (mg kg−1)

	
85.4(±21.8)

	
113.4(±9.1)

	
173.1(±8.7)

	
225.4(±33.7)

	
90.1(±18.5)

	
113.4(±21.8)

	
165.7(±29.5)

	
242.2(±12.7)

	
88.2(±7.9)

	
145.1(±8.0)

	
194.6(±23.9)

	
238.6(±13.0)




	
P (mg kg−1)

	
15.6(±0.6)

	
15.9(±0.4)

	
16.5(±1.6)

	
16.1(±0.4)

	
16.0(±0.6)

	
15.5(±0.3)

	
16.0(±0.2)

	
15.9(±0.5)

	
15.5(±0.6)

	
15.9(±0.5)

	
15.5(±0.6)

	
16.0(±0.2)




	
N/PSOIL

	
12.1(±2.8)

	
15.8(±1.7)

	
23.3(±2.1)

	
31.1(±3.9)

	
12.4(±2.5)

	
16.2(±3.0)

	
22.9(±3.9)

	
33.8(±2.8)

	
12.6(±1.5)

	
20.2(±0.7)

	
27.9(±2.3)

	
33.0(±2.2)
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