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Abstract


Ridge–furrow cultivation with plastic film mulching has been widely used for many years to increase crop yields in semiarid regions. The long-term effects of plastic mulching on crop yield and soil water balance need to be seriously considered to assess the sustainability of this widely used field management technique. A seven-year maize field experiment was conducted during 2012–2018 to estimate the yield sustainability and soil water balance with two treatments—mulching (yes; no) and nitrogen fertilization (yes; no). This resulted in the following four groups—no film mulching, no N application (M0N0); film mulching, no N application (M1N0); no film mulching, N application (M0N1); film mulching and N application (M1N1). Our results show that plastic mulching significantly increased maize yield. A combination of mulching and nitrogen application had the highest sustainability yield index (SYI) of 0.75, which was higher than the other three treatments, with SYI values of 0.31, 0.33, and 0.39, respectively. Plastic film mulching increased soil water content and water storage in both the sowing and harvesting periods and did not cause the formation of dry soil layers. Precipitation storage efficiency (PSE) in the nongrowing season played a key role in maintaining the soil water balance and it was positively affected by plastic film mulching. Our research indicates that plastic mulching and N application could maintain maize yield sustainability and the soil water balance of agriculture in semiarid regions. In addition, we highlight the importance of nongrowing season precipitation, and thus, we suggest that mulching the field land with plastic film throughout the whole year should be adopted by farmers to store more precipitation, which is important to crop growth.
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1. Introduction


Ridge–furrow cultivation with full plastic film mulching (RFM) field management has been proven to be an innovative and effective method to promote crop production in semiarid areas of the Loess Plateau, China [1,2,3]. The Loess Plateau accounts for about 6.7% of China’s total land area, and this region is of the utmost importance for food production in China [1]. However, agriculture in the Loess Plateau region faces the challenges associated with climate change, such as extreme rainfall [4].



In recent decades, RFM systems have been widely used and rapidly expanded [5]. With the development of the plastic film mulching technique, there have been a lot of studies focusing on this form of field management. A large amount of experiments have been conducted to study the effects of plastic film mulching on semiarid agriculture, such as its effect on soil temperature [6,7], crop productivity [3,8,9], soil water status [10,11,12], and soil nutrients [13,14,15]. Through so many previous studies, the physiological mechanisms involved are well known. However, most previous investigations are field experiments conducted for about 2–4 years [5]. Compared with short-term experiments, long-term studies have more advantages in agricultural sciences, as long-term experiments can provide better opportunities to study crop yield dynamics over time and estimate agricultural sustainability [16,17]. Therefore, long-term field studies need to be carried out to investigate the persistent influence of RFM on agriculture in semiarid regions. Furthermore, it is necessary to establish a comprehensive evaluation index of agricultural sustainability and provide suggestions for sustainable development. It has been reported many times that the sustainability yield index (SYI) is an important parameter to measure the sustainability of agricultural systems [18,19]. SYI is derived from actual yields over long periods and its value ranges from 0 to 1. A higher SYI suggests a better yield sustainability, while a low SYI indicates unsustainable management practices [20,21].



The annual mean precipitation across the Loess Plateau is 250–550 mm and the potential evapotranspiration is 900–1980 mm. As evapotranspiration is several times the precipitation, soil water deficit has become an important issue in this area [12]. The shortage of water is the major factor that limits crop production [5,22]. Furthermore, the distribution of precipitation in this region is uneven during the cropping year, and uneven rainfall causes stress during drought-sensitive development states, which further limit crop productivity [8,12,23,24]. Therefore, the first problem to be solved concerns making full use of the insufficient water by optimally using precipitation and inhibiting unproductive evaporation [12,25]. The RFM system maximizes the collection of rainwater into furrows and allows it to penetrate deeper into the soil, meanwhile reducing soil water loss by impeding evaporation from the soil surface [26]; as a result, more water is stored in the soil and is used for crop growth, dramatically increasing maize grain yield. It is obvious that crop productivity is positively affected by RFM, while at the same time, the increased vegetation growth feeds back to affect the soil water balance. Because high crop production indicates high soil water consumption, the question of whether the RFM system overuses agricultural soil water and leads to the formation of dry soil layers is tightly related to the water cycle and future vegetation growth [27]; these issues remain unknown.



It has been widely reported that soil water dynamics affect the growth and yield of crops [9,10,28]. However, most previous studies focused on the water status during the crop growing season, and comprehensive analyses of soil water dynamics during the whole year, especially in the nongrowing season and in the long-term, are lacking [12,29]. Water storage at the beginning of the growing season is a key component of the total water supply for crop growth. The amount determines whether the crop can get enough water for emergence and avoid yield failure, especially for rainfed agriculture. Thus, increasing water collection in the nongrowing season is important. Precipitation storage efficiency (PSE) in the nongrowing season, i.e., the net change in soil water with respect to total precipitation during the fallow season, has been proved to be an excellent index to measure the degree of water recharge and plays an important role in maintaining the soil water balance [30]. However, the effects of the RFM system on PSE have rarely been studied.



A seven-year field experiment was implemented with the following objectives—(1) to investigate the long-term effect of RFM on maize (Zea mays L.) yield and soil water dynamics; and (2) to evaluate the sustainability of RFM from the point of view of yield stability and soil water balance in semiarid environments.




2. Materials and Methods


2.1. Experimental Site and Design


The experiment was established at the Semiarid Ecosystem Research Station (36.03° N, 104.42° E) run by Lanzhou University in Yuzhong County, Gansu Province, China. A brief description of this experimental site is presented in Table 1.



From 2012 to 2018, a randomized block design sown with maize was used in the field experiment. The experiment included two treatments—mulching (yes; no) and nitrogen fertilization (yes; no). The resulting four groups are as follows—(1) cultivation without film mulching and N application (M0N0); (2) cultivation with film mulching but without N application (M1N0); (3) cultivation without film mulching but with N application (M0N1); (4) cultivation with film mulching and N application (M1N1). Each treatment had three replications. In mid-April for each year, the field was ploughed to a depth of 30 cm by a rotary cultivator; twelve plots were set in total, and each plot was 10 m long and 10 m wide, with the space between plots being 0.5 m wide. In the 100 m2 plot, ridges and furrows were artificially built at height of 15 cm; the width of the ridge was 55 cm (Figure 1). For the plastic film mulching treatment, plastic film was fully mulched on the ridge and furrow surface. The plastic film was colorless, transparent, and was 0.008 mm thick, and 1.2 m wide. After mulching the soil, several holes by which the rainwater could reach the soil surface and sink into soil were made. For the N application treatment, 150 kg N ha−1 was applied before ploughing the field. After mulching the plastic film for about one week, maize was planted artificially at an interval of 40 cm in each row with a density of 47,500 plants ha−1.



Maize was harvested in early October, and after harvesting in each year, the maize residue was removed, and the plastic film was left on the field surface for the whole year.




2.2. Maize Production Measurement


Maize grain yield was measured in the center of each plot in the harvest period at the end of September or beginning of October in 2012–2018 in a subsampling area which was 22 m2 (4 m in width × 5.5 m in length). Corn cobs were harvested artificially and then air-dried in an open place for about 1 month until they could be threshed. The maize grain after threshing was dried by oven at 65 °C to a constant weight to calculate the dry yield.




2.3. Soil Water Measurement


Daily precipitation during the experimental period was recorded by the HOBO T/RH U23-002 data logger (Onset Computer Corporation, Bourne, MA, USA). Soil samples for gravimetrical water content measurement were sampled at 20 cm intervals to a depth of 200 cm at the sowing and harvesting periods of each year; the sampling dates are shown in Table 2. At each sampling point, soil samples were taken randomly and centrally between two plants in the furrow using a soil drill (metal cylinder, diameter = 5 cm) in the plot center and oven-dried at 105 °C to a constant weight to calculate the gravimetric water content. The bulk density of each soil layer was measured using the cutting ring method [8,31] and was used to determine soil water storage.




2.4. Data Analysis


Sustainability yield index (SYI) was calculated as in Equation (1):


  SYI =   GY mean − S n − 1   GY max    



(1)




where GYmean is the mean yield of the experimental years, Sn-1 is the standard deviation, and GYmax is the maximum yield. Soil water storage (SWS, mm) was calculated as in Equation (2):


   SWS  =  SWC  ×  SBD  ×  H  ,  



(2)




where SBD is the soil bulk density (g cm−3), SWC is the soil water content (%), and H is the depth of the soil layer (cm). Water use efficiency (WUE, kg ha−1 mm−1) was calculated using Equation (3):


  WUE =   GY   ET   × 100 % ,  



(3)




where GY (kg ha−1) is the grain yield, and ET is evapotranspiration in the maize growing season. In the area where the present study was carried out, there is no irrigation and underground water. The upper 200 cm layers can store almost all the precipitation because of their good water-holding capacity, and so, little drainage occurs below 200 cm [7,8]. Therefore, ET was calculated using Equation (4):


   ET  =  P  + △ SWS ,  



(4)




where P is the total precipitation during the growing season, and ∆SWS is the difference in SWS (0–200 cm) between the beginning and the end of growing season. The PSE was calculated [30] using Equation (5):


  PSE =   △ SWS  P  × 100 % ,  



(5)




where ∆SWS (mm) is the soil water storage difference between the ending SWS and the beginning SWS in the following growth season, and P is the precipitation between the beginning and ending soil water measurements.



Two-way analysis of variance (ANOVA) and least significant difference (p < 0.05) were used to test the effects of plastic film mulching and N application on grain yield, water use efficiency (WUE), SWS, PSE, and water recharge in each year. All analyses were performed using GenStat 18th edition (VSN International Ltd., Rothamsted, UK) and graphs were created using Origin 9.2 (Origin Lab Origin Pro 2017, Northampton, MA, USA). A linear fitting function was used to validate the relationships between water recharge, PSE, and precipitation in the nongrowing season.





3. Results


3.1. Precipitation during the Experimental Period from 2012 to 2018


Annual precipitation varied greatly between years and was 378.0, 356.6, 421.1, 294.0, 284.8, 350.3, and 458.8 mm for 2012–2018, respectively (Figure 2). Compared with long-term average precipitation (318.0 mm) during 1986–2018, the average precipitation during the experimental period was 45.4 mm higher. Between the 7 experimental years, year 2015 and 2016 were relatively dry and 2012–2014, 2017, and 2018 were relatively wet. In each growing season from 2012–2018, the precipitation was 328.8, 329.1, 400.1, 237.0, 248.8, 320.1, and 405.6 mm. Precipitation was uneven between months and most of this occurred in July–September (Figure 2).




3.2. Maize Grain Yield and Sustainability Yield Index (SYI)


In all 7 years, plastic film mulching increased maize grain yield significantly both with and without N addition (Table 3). N application had no effect on grain yield in the years 2012, 2013, and 2014, while it promoted maize grain yield in the years 2015, 2016, 2017, and 2018. There was no significant interaction between plastic mulching and N application in the first three years, but the interaction between them in the last four years was significant. Maize grain yield varied with the experiment year. A combination of mulching and N application dramatically increased the sustainability yield index of the 7 years. The M1N1 treatment had the highest SYI, which was 0.74, meanwhile, in the M0N0, M1N0, and M0N1 treatments, the SYIs were 0.31, 0.33, and 0.39, respectively (Table 3).




3.3. Soil Profile Water Status and Storage


The soil water dynamics results during the experimental period from 2012 to 2018 are shown in Figure 3. Plastic film mulching increased soil water content in both the sowing and harvesting periods. In the sowing period of each year, soil water content of the two treatments with mulching (M1N0, M1N1) were higher than the other two treatments without mulching (M0N0, M0N1). In addition, in the harvesting period, M1N0 had much more water than the other three groups. Furthermore, N application reduced the water content because it promoted maize growth and then increased water consumption.



Soil water storage varied with the year and was positively affected by plastic film mulching (Figure 4). The difference in water storage between mulching treatments and nonmulching treatments in the sowing period was more than that in the harvesting period. There was no significant difference of water storage between the two treatments with plastic mulching (M1N0, M1N1) in the years 2012, 2013, and 2014, no matter whether it was in the sowing or harvesting period. However, from 2015, the water storage of the M1N0 group was higher than that of the M1N1 group, except at the end of the experiment (2018-H). In general, the water storage of two treatments without mulching (M0N0, M0N1) was not different; only in 2012-H, 2013-S, 2018-H, did M0N1 have higher water storage than M0N0, while in 2015-H and 2017-H, the water storage of M0N0 was more than M0N1 (Figure 4).




3.4. Water Use Efficiency in the Growing Season and Precipitation Storage Efficiency in the Nongrowing Season


In all the 7 years, the water use efficiency of maize in the treatments with plastic mulching was significantly higher than the treatments without plastic mulching (Figure 5). The effect of nitrogen application on WUE varied with the year except in 2012. In 2013 and 2014, the WUE of M1N0 was higher than M1N1, while in 2015–2018, the WUE of M1N1 was higher than M1N0. There was no difference between the two treatments without film mulching except in 2018, in which the WUE of M0N1 was higher than M0N0 and M1N0.



The precipitation values in the six nongrowing seasons were 59.8, 111.6, 49.0, 54.0, 42.0, and 46.8 mm, respectively (Table 4). Water recharge and the precipitation storage efficiency (PSE) were both positively affected by plastic film mulching in each nongrowing season; water recharge and PSE of M1N0 and M1N1 were significantly higher than that of M0N0 and M0N1. Meanwhile, water recharge and PSE varied with the year as the precipitation was different between the six nongrowing seasons.





4. Discussion


4.1. Effect of Long-Term Plastic Film Mulching on Maize Yield


In this study, we assessed two factors—plastic film mulching and N application. In each of the seven years of the experiment, it was proved that full plastic film mulching could promote maize grain yield, and this is consistent with previous studies in the Loess Plateau region [7,32,33,34]. The availability of water is the key to successful dryland agriculture, and a high level of WUE is particularly important [14,35,36]; the high levels of WUE seen in the present study confirmed these findings. Nitrogen fertilization was another important factor that can affect crop production. In our study, we found that from 2015, N application increased maize grain yield and the interaction of RFM and N addition was significant; while in the years 2012, 2013, and 2014, nitrogen fertilization had no effect on maize yield (Table 3). Furthermore, the yield of corn grain in the M0N0 and M1N0 groups decreased by three-fold, while in the M0N1 group, grain yield did not change over the 7 years. These phenomena might be the result of the basic nitrogen content in the soil. Maize was planted on the experimental site by local farmers for 6 years, who added nitrogen and organic fertilizer each year, so the nitrogen data needed to be further analyzed to include the total nitrogen and NO3−-N and NH4+-N content in the soil. In semiarid areas, water shortage is the first limiting factor, so compared with N addition, the application of plastic film has a greater impact on the maize yield in rainfed agriculture.



The maize grain yield in our study strongly varied with the cropping years, which can be explained by the different amount and distribution of precipitation. It is important to study the rainfall distribution in different phenological stages of maize, so that we can better understand the formation of maize yield. Sustainability yield index is widely used to access the effects of agricultural practices on crop yield sustainability. The value of SYI is affected by many field management factors including fertilization, types of plants, and so on. Han et al. studied the SYI of wheat and rice under eight different fertilization levels through an experiment over 30 years [16]. They found that fertilization could increase the SYI of both wheat and rice, and the SYI value of wheat ranged from 0.28 to 0.47, while that of rice was higher, ranging from 0.51 to 0.70. Li et al. compared the SYI of rice, wheat, and maize in different locations around China. They found that fertilization increased SYI, with values of 0.57, 0.58, and 0.66 for wheat, maize, and rice, respectively [37]. Moreover, they found that the SYI of maize had the largest coefficient of variation (CV).



Most previous studies focused on the effects of fertilization, while few studies have been conducted on the influence of plastic film mulching. In the present study, the SYI of maize in M0N0, M1N0, M0N1, and M1N1 treatments was 0.31, 0.33, 0.39, and 0.75, respectively. In our research, the CV of SYI was large, which implies that the sustainability yield index in semiarid environments is more sensitive to field management. Different rainfall among the cropping years was the reason why M0N0 and M0N1 had low SYIs, and the low SYI in M1N0 was due to the lack of nitrogen in the soil. We found that the M1N1 treatment had the highest SYI, more than the mean value of maize SYI (0.58) [37], which indicates that the maize yield in the M1N1 treatment was sustainable.




4.2. Effect of Long-Term Plastic Film Mulching on Water Status


Normally, higher agricultural production will consume more water and lead to the formation of soil desiccation layers, especially in the semiarid regions of the Loess Plateau [27]. However, in our research, the RFM system increased soil water content on average in both the sowing and harvest period. Higher agricultural production did consume more water, but at the same time, film mulching could also store more water in soil, which kept the water balance.



We know that rainfall is the only water resource for agriculture in some semiarid regions, and thus making full use of rainfall is key to increasing agricultural production. The benefits that film mulching brings to the crop growth during the growing season are accepted without controversy [10,24,33,38], but few studies pay attention to the soil water during the fallow season [25,39,40]. The amount of soil water that has recharged during the fallow season determines whether there are sufficient water resources for crop growth in the next season. We found that soil water recharge in the nongrowing season was positively correlated (p < 0.001) with the total nongrowing precipitation in all the four treatments (Figure 6), and compared with the nonmulched treatments, plastic film mulching had more recharged water.



In our study, we highlight the importance of RFM during the nongrowing season as it increased the soil water recharge. Precipitation is a natural parameter that cannot be changed by farmers. Therefore, higher precipitation storage efficiency plays a key role in the success of the RFM system. The PSE in the nongrowing season is determined by soil type, the amount and distribution of precipitation, evaporation, and the residue water left in the soil by the previous crop [41]. It can also be modified by agricultural practices such as ridge–furrowing, film mulching, and deep ploughing [12,25,42]. The soil texture, which is a given property of the native soil and does not change with agricultural activities, determines water circulation [43]. Therefore, in order to improve the antidrought capacity, proper agronomy practices must be adopted, which is critical to maintain a high level of PSE. In this study, RFM significantly improved nongrowing season PSE, compared with the conventional treatment without mulching. The average nongrowing season PSE of the film mulching treatments (M1N0, M1N1) was about 78%, while the average PSE of the non-mulching treatments (M0N0, M0N1) was 17.7% (Table 4). The nongrowing season PSE of mulched treatment in this study was even higher than the value of the PSE in the no-tilled field [44].



A higher PSE indicates that more precipitation would be harvested in the soil and used for maize growth. In our study, we found there was a significant positive relationship between the total nongrowing season precipitation and the PSE of the treatments without mulching (M0N0, M0N1), while the relationship between the total nongrowing season precipitation and PSE in the treatments with mulching (M1N0, M1N1) was not significant (Figure 7). Moreover, it should be noted that the N fertilizer also reduced the annual variation in the PSE when compared to the M1N0 and M1N1 treatments. A high and stable PSE is meaningful to rainfed agriculture in the Loess Plateau region, especially against the background of climate change under which extreme and uneven precipitation may occur more often.



There was no doubt that the amount of precipitation affected PSE and the soil water balance. Another important factor which should not be ignored is the rainfall distribution. Different distributions of precipitation may lead to different results, which needs to be further studied.




4.3. Plastic Film Residue of RFM System


According to the China Agricultural Statistical Yearbook, in the past three decades, the volume of plastic film used in China has increased nearly fourfold, with an annual growth rate of 7.1% [45]. Most plastic films used in the RFM system are not biologically degradable at present. The biggest challenge of RFM is the low rate of film recovery. Large amounts of plastic film residue can cause serious agricultural problems [46]. Plastic film residue can affect moisture and nutrient transportation, crop emergence and root growth, secondary salinization of soil, and soil health [45]. Effective methods have been put forward to solve the problem of plastic film residue. The first is to produce thicker plastic film, more than the 0.008 mm film that is used in China, to increase the rate of film recovery [47]. The second is to accelerate the development of biodegradable film, which is friendly to the soil environment [48]. In the area where our study was conducted, the government have paid much attention to the recovery of plastic film residue, and we expect that biodegradable film will rapidly develop and be adopted in the RFM system.





5. Conclusions


Through a seven-year maize field experiment, we studied the effects of the ridge–furrow system with full plastic film mulching cultivation on maize grain yield and soil water dynamics. On the basis of these two indicators, we tried to make an assessment on the sustainability of the RFM system. Our experimental results demonstrate that the combination of plastic film mulch and nitrogen fertilization increased the sustainability yield index, which means that RFM cultivation could maintain higher crop yields in the long term. Meanwhile, the RFM system did not overuse the soil water resources and did not lead to soil desiccation layers. The water consumption and recharge were balanced. Especially, the higher PSE in the nongrowing season induced significantly higher soil water content, which was important in crop emergence in the following sowing period. We highlighted the vital influence of the higher PSE brought about by the RFM system, and the key role of a high PSE in the nongrowing season in the success of the ridge–furrow with full plastic film mulching system.



There is no denying that the sustainability of the RFM system in semiarid agriculture is also determined by many other factors, such as soil organic carbon [18], soil nutrients [19], and so on. However, from the view of crop yield and water balance, we demonstrated that the RFM system is sustainable in rainfed agriculture.
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Figure 1. Ridge–furrow with/without full plastic film mulching diagram. 
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Figure 2. Annual growing season and monthly precipitation of the experimental years and of the past 33 years (1986–2018) at the study site. 
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Figure 3. Soil profile water content at a depth of 0–200 cm during the experimental period. M0N0—cultivation without film mulching and N application; M1N0—cultivation with film mulching but without N application; M0N1—cultivation without film mulching but with N application; M1N1—cultivation with film mulching and N application; GSWC—gravimetric soil water content. 
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Figure 4. Soil water storage at a depth of 0–200 cm during the experimental period. M0N0—cultivation without film mulching and N application; M1N0—cultivation with film mulching but without N application; M0N1—cultivation without film mulching but with N application; M1N1—cultivation with film mulching and N application. Vertical bars above the curves are least significant difference (LSD) (p = 0.05) of significant differences; vertical bars of each curve are the standard deviation. 
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Figure 5. Water use efficiency of each treatment from 2012–2018. M0N0—cultivation without film mulching and N application; M1N0—cultivation with film mulching but without N application; M0N1—cultivation without film mulching but with N application; M1N1—cultivation with film mulching and N application. The different lowercase letters indicate significant difference at p < 0.05. 
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Figure 6. Linear relationship between precipitation and water recharge in the nongrowing season. 
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Figure 7. Linear relationship between precipitation and precipitation storage efficiency in the nongrowing season. 
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Table 1. Brief description of the experimental site.
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Study Site Properties




	
Geographic Information

	
Soil Information






	
Longitude

	
104.42° E

	
Soil type

	
Heima soil




	
Latitude

	
36.03° N

	
Clay (<0.002 mm)

	
37%




	
Altitude

	
2318 m

	
Silt (0.002–0.05 mm)

	
59%




	
Mean air temperature

	
6.8 °C

	
Sand (0.05–2.0 mm)

	
4%




	
Mean accumulated temperature

	
2310 °C

	
Water content at field capacity

	
22.9%




	
Annual precipitation

	
318 mm

	
Permanent wilting point

	
6.2%











 





Table 2. Date of soil sampling before and after the growing season in each year and the sampled soil depth.






Table 2. Date of soil sampling before and after the growing season in each year and the sampled soil depth.





	
Items

	
Cropping Year




	
2012

	
2013

	
2014

	
2015

	
2016

	
2017

	
2018






	
Date of sampling before growing season

	
9 Apr

	
2 May

	
28 Apr

	
23 Apr

	
21 Apr

	
18 Apr

	
23 Apr




	
Date of sampling after growing season

	
21 Sep

	
22 Oct

	
17 Oct

	
10 Oct

	
23 Oct

	
19 Oct

	
16 Oct




	
Soil depth of sampling (cm)

	
200

	
200

	
200

	
200

	
200

	
200

	
200











 





Table 3. Maize grain yield with ANOVA results during experimental years, and the sustainability yield index.
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Treatments

	
Maize Grain Yield (kg ha−1)

	
SYI




	

	
2012

	
2013

	
2014

	
2015

	
2016

	
2017

	
2018

	






	
M0N0

	
1926a

	
1591a

	
1480a

	
695a

	
1092a

	
489a

	
529a

	
0.31




	
M1N0

	
6894b

	
4893b

	
5427b

	
3079c

	
3151b

	
2482c

	
2329b

	
0.33




	
M0N1

	
1978a

	
1544a

	
1773a

	
1255b

	
986a

	
742b

	
2512b

	
0.39




	
M1N1

	
7001b

	
5162b

	
5502b

	
6797d

	
5730c

	
6367d

	
5176d

	
0.74




	
M

	
***

	
***

	
***

	
***

	
***

	
***

	
***

	




	
N

	
n.s

	
n.s

	
n.s

	
***

	
***

	
***

	
***




	
M × N

	
n.s

	
n.s

	
n.s

	
***

	
***

	
***

	
***








Note: M—plastic film mulching; N—N application; SYI—sustainability yield index. The different lowercase letters indicate significant difference at p < 0.05; “***” indicates significant difference at p < 0.001; “n.s” indicates there is no significant difference.













 





Table 4. Precipitation, water recharge, and precipitation storage efficiency (PSE) in the nongrowing season.
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Year

	
Treatments

	
SWBN (mm)

	
Precipitation (mm)

	
SWEN (mm)

	
Water Recharge (mm)

	
PSE (%)






	
2012–2013

	
M0N0

	
281

	
59.8

	
289

	
8.3

	
13.9 a




	
M1N0

	
354

	
386

	
31.6

	
52.8 b




	
M0N1

	
327

	
343

	
16.0

	
27.5 a




	
M1N1

	
334

	
386

	
52.0

	
85.5 c




	
2013–2014

	
M0N0

	
374

	
111.6

	
436

	
62.3

	
55.8 a




	
M1N0

	
403

	
495

	
91.6

	
82.1 b




	
M0N1

	
361

	
424

	
63.2

	
56.6 a




	
M1N1

	
422

	
513

	
91.0

	
81.5 b




	
2014–2015

	
M0N0

	
314

	
49.0

	
318

	
4.3

	
8.8 a




	
M1N0

	
433

	
471

	
38.0

	
77.6 b




	
M0N1

	
335

	
341

	
5.5

	
11.2 a




	
M1N1

	
397

	
431

	
33.8

	
68.9 b




	
2015–2016

	
M0N0

	
313

	
54.0

	
293

	
−20.0

	
−37.0 a




	
M1N0

	
388

	
427

	
39.2

	
72.2 c




	
M0N1

	
267

	
271

	
3.5

	
7.4 b




	
M1N1

	
292

	
332

	
40.8

	
74.1 c




	
2016–2017

	
M0N0

	
291

	
42.0

	
273

	
−18.0

	
−42.9 a




	
M1N0

	
420

	
448

	
28.0

	
66.7 c




	
M0N1

	
253

	
261

	
7.8

	
19.0 b




	
M1N1

	
319

	
351

	
31.7

	
76.2 c




	
2017–2018

	
M0N0

	
393

	
46.8

	
334

	
−49.0

	
−126 a




	
M1N0

	
501

	
512

	
10.9

	
23.5 c




	
M0N1

	
305

	
299

	
−6.7

	
−12.8 b




	
M1N1

	
333

	
371

	
38.6

	
81.2 d








Note: SWBN—soil water storage at the beginning of nongrowing season; SWEN—soil water storage at the ending of nongrowing season. PSE—precipitation storage efficiency. The different lowercase letters indicate significant difference at p < 0.05.
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