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Abstract

Water and nutrients are the basic requirements for crop growth, which are
mutually interacting and restricted. This paper studied winter wheat (wheat
breed: Ji wheat 22) on changes in soil nutrient leaching in the regulation
measures of water and fertilizer (two irrigation methods: traditional irrigation
(A) and water-saving irrigation (B); three fertilization factors: no fertilization
(CK), traditional fertilization (FC) and optimized fertilization (FO)). The re-
sults showed that under the different water and fertilizer regulations, the ni-
trate concentration in the soil decreased with increasing soil depth. The soil
nitrate concentration in the water-saving irrigation treatment was lower than
that in the traditional irrigation treatment. During wheat growth, the accu-
mulated amount of nitrogen and phosphorus in the plant increased constant-
ly, reaching its maximum at the mature stage. This paper analyzes the envi-
ronmental benefits of winter wheat irrigation and fertilization and provides a
theoretical basis for rotation system efficiency and the sustainable production
of winter wheat in a plain area.
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1. Background and Significance

Water deficiency is an important factor limiting the sustainable development of
agriculture in Hebei Province [1] [2]. The per capita water resources and per mu
water resources in Hebei Province cover one-eighth of the national average level.
At the same time, the precipitation is not uneven, the interannual variation is
large, and the precipitation is not evenly distributed within the year, approx-
imately 80% of which is concentrated in June and August. In the rainy season,
when rainfall concentrates, nonpoint source pollution leads to water eutrophica-
tion in Baiyang Lake, affecting water quality safety. However, the excessive ap-
plication of phosphorus fertilizers is the main cause of agricultural nonpoint
source pollution. Therefore, research on the migration regularity of fertilizer in
the pedosphere and soil-water interface is of great significance for the control of
agricultural nonpoint source pollution [3] [4] [5] [6].

The rational application of fertilizer can effectively increase the net photosyn-
thetic rate, fertilizer absorption and utilization rate and yield of crops and im-
prove crop water use efficiency [7]-[18]. However, the utilization rate of phos-
phorus fertilizers in crops in China is generally very low.

In view of the above practical problems of agricultural water resource short-
ages, agricultural nonpoint source pollution, water eutrophication, the lower uti-
lization rate of phosphorus fertilizers and the decrease in grain nutrition, China
has been studying the interaction effects of water and fertilizer, reasonable irri-
gation and fertilization over the years to achieve the purpose of “promoting fer-
tilizer with water and adjusting water by using manure”.

In this paper, the field location test was conducted in a winter wheat inten-
sive planting area, West Lake Plain, Baiyang Lake. Through field experiments
and indoor laboratory analyses, the characteristics of phosphorus transfer and
leaching loss in farmland soils under different water and fertilizer regulations
(irrigation modes and fertilization management conditions) were studied to
provide a scientific basis for water savings and fertilization savings in the farm-
land, high water-fertilizer use efficiency, and phosphorus nonpoint source pollu-

tion reduction.

2. Research Methods

This experiment was carried out from October 2015 to June 2016 at Baizhuang
Village. The experimental field belongs to the eastern monsoon zone semihumid
continental climate, with an average annual temperature of 12.5°C and a
frost-free period of approximately 280 d. The rainfall is mainly concentrated in
summer from June to August, accounting for 67.9% of the total rainfall per year.
The basic physical and chemical properties of the experimental soil are shown in
Table 1.

The variety of experimental wheat was “Ji wheat 22”. Diammonium phosphate
was used in the phosphatic fertilizer, urea was used in the nitrogenous fertilizer,

and potassium chloride was used in the potash fertilizer.
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Table 1. The basic physical and chemical properties of the experimental soil.

Soil depth
(cm)
20 - 40
40 - 60
60 - 80
80 -110
110 - 140
140 - 170

170 - 200

Nitrate
(mg/kg)
7.30
5.87
5.99
3.02
4.33
2.84

1.62

Rapidly available Rapidly available

Alka(li;g};i;lym phosphorus potassium Orgar(ligc/ljgl ?terial VOI?;:HV;Tght pH
(mg/kg) (mg/kg)
80.52 7.43 100.32 13.30 1.59 7.54
5543 3.71 104.28 10.11 1.63 7.32
37.80 2.04 99.41 11.19 1.65 7.86
28.11 1.86 97.29 8.85 1.77 7.36
20.24 2.60 95.30 6.26 1.75 7.44
17.58 3.53 98.63 3.16 1.70 7.28
14.26 1.49 97.45 2.17 1.66 7.59

The representative farmland was selected to arrange the field experiment in
West Lake Plain, Baiyang Lake. Two regions were set for the treatment: tradi-
tional irrigation (A) and water-saving irrigation (B). Each region was divided
into three regulatory factor split areas: no fertilization (CK), traditional fertiliza-
tion (FC) and optimized fertilization (FO). Each treatment plot area was 9.5 x
4.5 = 42.75 m’. Randomly arrange a total of 18 plots (three parallel trials), with
an interval of 1m between each plot, and set up a 2 m protection line at the pe-
riphery of the large area. The furrow water conveyance basin irrigation method
was used in the traditional irrigation treatment, and a water meter was used to
measure the irrigation amount. The water-saving irrigation treatment adopted
the sprinkler irrigation method, which uses 30% less water than traditional irri-
gation. The two irrigation methods and the irrigation frequency were the same.
The dose of the traditional fertilization and the optimized fertilization are shown
in Table 2. All the phosphate and potassium fertilizers were applied in the form
of base fertilizer for broadcast fertilization, with shallow plowing and earthing
before wheat cultivation with a 70% bottom application of nitrogen fertilizer.
The amount of nitrogen fertilizer topdressing was 70% in the wheat elongating
stage combined with the irrigation. Other field management measures were
conducted according to the peasant traditions.

Two ears of wheat in two 1 m x 1 m squares of each plot were taken and
threshed after air drying, and the yield and the thousand kernel weight (TKW)
were measured. Another 15 continuous ears were taken to measure the ear
grains. The winter wheat was sampled at the regreening, jointing, flowering,
grain filling and maturation stages. Each sampling size was 0.5 single row plants
per plot. The root system was cut off and put in a net bag. The deactivation of
the enzymes was carried out for 30 min at 90°C. It was dried to a constant
weight at 75°C to measure the biomass. The soil moisture was taken from the 0 -
20, 20 - 40, 40 - 60, 60 - 80, 80 - 110, 110 - 140, 140 - 170 and 170 - 200 cm soil
layers, respectively, which was determined by using the drying method. A soil
auger was used to take soil at a sampling depth of 200 cm. The first 80 cm was
applied by stratifying the samples every 20 cm, and the latter 120 cm was applied
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Table 2. The experimental design of the winter wheat field.

No. Treatment Chemical fertilizer (N-P-K) Irrigation amount
(kg/hm?) (m*/hm?)
1 A-CK 0 2250
2 A-FC 275-150-60 2250
3 A-FO 225-150-90 2250
4 B-CK 0 1500
5 B-FC 275-150-60 1500
8 B-FO 225-150-90 1500

by stratifying the samples every 30 cm. There were 8 samplings from 0 to 200
cm, which were placed into numbered plastic bags.

Determination method: After the collected fresh soil sample was thoroughly
mixed, 5 g of the fresh field soil was taken, and 50 mL of a 1 mol/L KClI solution
was used for the digestion. The mixture was allowed to oscillate for 1 h, and the
available phosphorus content was determined using the 0.5 mol/L sodium bi-

carbonate extraction—Mo-Sb colorimetric method.

3. Result and Analysis

In the wheat growth stage, regardless of whether traditional irrigation (A) or
water-saving irrigation (B) was used, the content of available phosphorus in the
different soil layers decreased from the surface layer to the bottom of the soil
layer under the different fertilization treatments. As shown in Figure 1, under
the different fertilization levels, the available phosphorus content under the
treatment distributed in the 0 - 40 cm soil layer was higher in the two irrigation
modes. The main reason is that long-term fertilization leads to the massive ac-
cumulation of phosphorus in this layer. The regreening period is the key period
of wheat growth, and the absorption and utilization of nutrients are enhanced.
The nutrient was concentrated in the 0 - 60 cm soil layer of the wheat root dis-
tribution, while the available phosphorus content was lower in the soil layer be-
low 60 cm. Compared with the water-saving irrigation (B) treatment, the availa-
ble phosphorus content in the surface soil under the traditional irrigation treat-
ment was lower than that of the water-saving irrigation treatment, which may be
because the demand for water in the regreening stage is relatively high and a
higher irrigation amount allows the absorption of nutrients by wheat.

As shown in Figure 2, with regard to the regreening period, the available
phosphorus content in the 0 - 60 cm soil layer at the jointing stage increased in
the wheat jointing stage, and the rapidly available P increased in the 60 - 80 cm
soil layer. The root system of the wheat in the jointing stage began to grow
downward, and the phosphorus in the soil accumulated within the root system
range. In the wheat jointing stage, regardless of whether water-saving irrigation

(A) or traditional irrigation (B) was used, the available P content in the 0 - 60 cm
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Figure 1. The soil available P content in the regreening stage.
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Figure 2. The soil available P content in the jointing stage.

soil layer decreased with increasing soil depth. In the wheat jointing stage, the
rapidly available phosphorus content in the soil under the traditional irrigation
treatment (A) was lower than that of the water-saving irrigation treatment (B),
which may be because the water demand for wheat in the jointing stage is higher
and broad irrigation is beneficial for the absorption of phosphorus fertilizer by
wheat.

From the wheat jointing stage to the flowering stage (Figure 3), the soil tem-
perature rate accelerated, and the content of the soil available phosphorus grad-
ually increased. Regardless of whether traditional irrigation or water-saving irri-
gation was used, the available phosphorus content in the 0 - 20 cm soil layer fol-
lowed the pattern of FO > FC, which indicates that the FC treatment in this stage

can meet the fertilization requirements of wheat.
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After entering the grain filling stage (Figure 4), the available P content in the
0 - 40 cm soil layer increased, which was related to the demand quantity of P in
the grain filling stage. In this stage, the climate was dry with a large evaporation
capacity of soil moisture, and phosphorus accumulated in the soil surface under
the treatment of phosphate fertilizer application level. Regardless of whether
water-saving irrigation (B) or traditional irrigation (A) was used, the available
phosphorus content in the 110 - 200 cm soil layer decreased, which was related
to the migration of phosphorus in the soil.

In the mature stage of the wheat (Figure 5), compared to the grain filling
stage, the available phosphorus content under each treatment decreased. This
stage coincides with the rainy season, and the soil moisture content is high. The
rapidly available phosphorus leached in the 140 - 200 cm soil layer.
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Figure 3. The soil available P content in the flowering stage.
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Figure 4. The soil available P content in the grain filling stage.
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4. Phosphorus Absorption and Utilization by Plants

The phosphorus absorption intensity of the winter wheat was also very small in
the early stage, increasing rapidly after the regreening stage. The booting reaches
the peak value in the grain filling stage. The difference is that after the jointing
stage, the increase in the phosphorus absorption intensity of winter wheat is
greater, which can reach 3.47 - 4.47 times that of the regreening stage; phospho-
rus accumulates in winter wheat, and the amount of nitrogen in the earlier
growing stage of winter wheat gradually increases and rapidly increases after en-
tering the regreening stage, which reaches the maximum value in the grain fill-
ing stage and then decreases significantly. The accumulation of phosphorus in
wheat is always higher in the middle-late stages. Regardless of whether tradi-
tional irrigation (A) or water-saving irrigation (B) was used, the phosphorus
content under the treatments followed the pattern of FO > FC > CK in the dif-
ferent growth stages (Table 3). The physical and chemical properties of the soil
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Figure 5. The soil available P content in the maturation stage.

Table 3. Uptake of phosphorus in wheat in the above-ground part.

Uptake of phosphorus in winter wheat (kg/hm?)

Nutrient Treatment

Regreening Jointing Flowering  Grain filling  Maturation

stage stage stage stage stage

CK-A 28.63 4.93 13.73 22.03 25.02

FC-A 49.26 8.80 23.04 35.25 43.66

FO-A 55.71 9.21 23.13 38.06 47.44

’ CK-B 34.78 6.32 16.63 24.90 30.29
FC-B 52.31 10.35 27.44 37.89 47.08

FO-B 71.58 11.57 29.31 43.74 61.31
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changed after the application of the soil conditioner and accelerated the decom-
position of the phosphate fertilizers, thus promoting the accumulation of phos-
phorus in the winter wheat. The average values of the nitrogen-phosphorus ratio
accumulated under the treatments in the regreening, jointing, flowering, grain
filling and harvesting stages were 9.70, 4.99, 5.00, 5.04, and 3.33, respectively. It
can be seen that the nitrogen-phosphorus ratio accumulated in the winter wheat
after the regreening stage continued to decrease, and the nitrogen-phosphorus
ratio in the harvesting stage was significantly smaller than that of the previous
stages, which indicates that after the wheat regreening stage, the nitrogen uptake
by the winter wheat was relatively decreased, and the phosphorus uptake was

relatively increased.

5. Conclusion

Water-saving irrigation and fertilizer management have been becoming a discip-
line of the Agriculture Science. We need to guarantee crops have enough ferti-
lizer and water at different growing stage to make sure a good harvest, on the
other hand, the most efficient fertilizer we have been used and the minimum
water was demanded by different treatments must be considered by scientists.
This experimental research found that water and fertilizer regulation can affect
the absorption of nitrate in wheat, while excessive irrigation and no fertilization
treatment will reduce nitrate absorption. In this study, the FC treatment in-
creased the residual quantity of the soil nitrate in the winter wheat harvest stage
compared with the CK treatment. In the wheat harvest stage, the accumulated
amount of nitrate in the 120 - 200 cm soil layer can reach 137 - 200 kg/hm”. For
crop, the nitrate accumulation in the 0 - 90 cm soil layer can reach a minimum
of 200 kg/hm? by using water-saving optimization of fertilization models, which
reduces the possibility of large amounts of nitrate leaching in the crop growth

stage.
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