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Abstract

Phosphorus loss from agricultural soils contributes to surface water eutrophication. This field study investigated the
effects of precipitation patterns and P application on P loss through surface runoff from rice and wheat growing systems
in the Taihu Lake region, China. The study was conducted on two types of rice growing land with different P status, the
duration of 3 years in low, high and normal rainfall regimes. Four ratios of inorganic phosphate fertilizers, i.e. P-free, 30
kg P ha-1 for rice and 20 kg P ha—1 for wheat, 75 plus 40 and 150 plus 80 were applied as treatments. Water runoff
from individual plots and spill events were recorded and analyzed for total and dissolved reactive P concentrations.
Total P and soluble P losses reacted significantly with precipitation depth and P level. Total annual P losses ranged from
0.36-0.92 kg ha—1 in the control group to 1, 13-4.67 kg ha—1 at P150+80 at Anzhen, and accordingly 0.36— 0.48 kg
ha—1to 1.26—1.88 kg ha—1 at Xinzhuang, with 16—49 % of total P as dissolved reactive P. In particular, a large amount of
P was lost during heavy rains that occurred immediately after P application in Anzhen. The average of all P treatments,
the rice crop accounted for 37—-86% of the total annual P loss in Anzhen and 28—44% of that in Xinzhuang. In both crops,
P concentrations peaked during the first runoff events and decreased over time. During the rice growing season, the P
concentration in the runoff is positively correlated with the P concentration in the field water which is intentionally closed
by the construction of a dike around the field. The relatively high P loss during the wheat growing season in Xinzhuang
is due to the high P status of the soil. In summary, P should be applied at a rate that balances between crop removal
and at a time when heavy rainfall is eliminated. In addition, irrigation and drainage must be managed appropriately to

L

reduce P loss through runoff from the rice-wheat farming system.
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Introduction

Eutrophication due to the presence of nutrients is a serious
problem in many seas around the world. In China, many waters have
become severe eutrophication since the 1990s and have not marked
improvement in recent years. Phosphorus is often considered a
limiting factor for algae bloom in the lake. In China It is estimated that
agricultural resources contribute 30-90% P is loaded into many lakes.
Therefore, quantification and control of P losses from farmland are of
particular importance in reducing eutrophication of lakes. Phosphorus
in the soil can be lost to water by two major transport routes, roads in
surface runoff or erosioned floor and vertical washout with drainage.
Road which governs the total phosphorus loss which usually depends
on factors such as weather, topography and soil properties. In most
fields, the loss of P is mainly due to surface runoff and erosion [1].
Phosphorus loss due to leaching is usually relatively low due to the high
P content Absorbs iron and aluminum oxides in the soil. The risk of
loss of P in the surface flow is especially when the terrain is steep and
lost Phosphorus binds particles to soil particles that can often be eroded
happen. However, substantial sums of money Ground P losses can also
occur in flat fields, when the ground is saturated with water and causes
additional precipitation flow exceeds saturation. For example, in a study
of flat rice fields in Ho Taihu area, found that the annual total P losses
due to surface runoft are about 0.9-1.8 kg ha-1 and 3-4 kg ha-1 with a
high rate of P application. From the total amount of P lost, P is bound
to the particle for 10-80%, showing that erosion even on flat land. In
general, phosphorus losses through surface runoff from flat land the
landscape increases with the combined effect created by the increase
percentage of P added to the soil as mineral or organic fertilizers
modified, higher P soil status and increase the depth and intensity of
precipitation. Some studies have reported that the time between rain
and subsequent runoff event P. Applications play a major role in P loss.
That is because new P applied to the soil is immediately available, and

a large amount of loss occurs when precipitation directly interacts with
this part of the P [2-5]. In addition, the loss of P can be influenced by
the vegetation cover on the soil surface, and therefore varies between
systems. Most of the reports published in the literature focus on
upland farming systems. Previous studies that quantified P losses from
flooded rice fields were mostly done a decade ago and these studies
often reported that P losses increased with higher P fertilization rates,
but the use of P fertilizer use by Chinese farmers has not decreased in
the past decade. In addition, none of the above studies analyzed the
effect of precipitation on phosphorus loss. The persistent problem of
eutrophication in China’s lakes in recent years has brought attention
back to the management of agricultural phosphorus in rice farming
systems. This is mainly because rice is widely grown throughout
southern China in regions with extensive water systems [6,7].

Crop systems involving lowland wet season rice and highland
winter crops are common in East Asia and South Asia, including many
agricultural regions in China. For example, it occupies about 80% of
the total arable land of the Thai Ho area. During the rice season, a water
depth of 5 to 15 cm, known as a water retaining field, is intentionally
surrounded by the construction of a field dyke, and the water is retained
to allow part of the plant to grow under water is usually in the early
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stages of growth. In contrast, fields are often drained by open ditches
during the winter season. The present study investigated surface runoff-
induced P losses from two typical rice soils with 3-year rice and wheat
rotation. The objective is to assess the risk of P loss through surface
runoff from such a system, to investigate how P loss is affected by
precipitation patterns, P utilization rates, and the characteristics of P
loss of soil, and thus offer management recommendations to ultimately
limit P loss [8].

Phosphorous load by surface runoff

During the 3-year experiment, the Anzhen site lost significantly
more P than the Xinzhuang site (P < 0.0001). In Anzhen, particularly
large losses of total P occurred in the 2001/2002 and 2002/2003 rice
crops, when heavy rains occurred immediately after P application.
Rice growth accounted for 83-91% of total P annually. In contrast, the
wheat growing season, 56-75% of the total annual Plosses, contributed
to the relatively larger P losses in Xinzhuang. Regarding the influence
of annual rainfall, the total loss of P in the years with high and normal
rainfall was significantly higher than in the years with low rainfall
(P<0.0001) [9,10]. With little added value to crop yield production,
over-application of P significantly increased P loss. Over the three years
of the trial, the average annual total P loss at both sites was less than 1 kg
ha-1 in the control and P30+20 treatments, but significantly increased
at the higher P ratio, at 1.08-1.49 kg ha-1 in Tan Trang and 2.07-2.86
kg ha-1 at Anzhen. As with total P samples, the ratio of soluble reactive
P to total P also increased with increasing application rate of soluble
P. The reactive P was 16-31% of the total P in the control and P30+20
treatments, and 31-49% of the total P in the high P treatments. On the
other hand, this indicates that a large proportion (48-84%) of the total
P is presented in an irrational form, especially in the zero and low P
treatments.

Discussion

Wheat growing season 2000/2001 and all year 2001/2002 in
Xinzhuang, where small amounts of runoff or low total P concentrations
outcome in low total phosphorus loss. Elsewhere, reports from upland
crops have also demonstrated that P losses through surface runoft are
influenced by precipitation patterns and subsequent runoff volumes. The
timing of rain and the outcomeing runoff seems to play a particularly
important role in influencing P loss. In 2001 and 2002, heavy rainfall
occurred shortly after P loss. Fertilization of rice caused significantly
more P losses in Anzhen than in Xinzhuang with 45-57 days between
the first runoff event and P application. The seasonal rainfall was similar
and the soil in Anzhen even functioned. Relatively lower amounts of
P. Accidental P losses also cause Anzhen to have a significantly larger
average annual total P loss than Xinzhuang. In Xinzhuang, the long
interval between P application and precipitation may allow adequate
interaction of P in field-contained water with plants and soil. During

the rice and wheat growing season, the concentrations of total P and
soluble P in runoft decreased with time after P application. In the early
period after fertilizer application, P was mainly available due to soil and
crop limitations Permanent. Over time, P availability decreases as the
soil and plant’s ability to fix P increases.

Conclusion

Phosphorus losses from rice-wheat farming systems can be
influenced by rainfall, P utilization rates and soil P content, as well
as field management practices such as embankment construction.
and open ditch. In particular, the amount of P loss was large due to
heavy rain immediately after P application, and the P loss increased
with the increase of P application rate and P content in the soil
Phosphorus concentrations in surface runoff are regulated by
phosphorus concentrations in field water during the rice growing
season. Phosphorus loss during the winter wheat growing season can
be improved by constructing exposed trenches. We therefore propose
that the management of rice-wheat cropping systems aim to apply P to
avoid heavy rainfall and at a balanced rate of P removal by plants (20-30
kg P ha-1). in this study). In addition, appropriate water management
practices should be adopted, including increasing the water holding
capacity of the field or using controlled irrigation combined with
natural drainage rather than open ditches during the wheat growing
season.

References

1. Callaway E (2018) CRISPR plants now subject to tough GM laws in European
Union. Nature 560: 16-59.

2. Mennan H, D Isik (2003) Invasive weed species in onion production systems
during the last 25 years in Amasya, Turkey. Pak J Bot 35 (2): 155 - 160.

3. Olson W, Nalewaja JD (1982) Effect of MCPA on '"“C-diclofop uptake and
translocation. Weed Sci 30: 59-63.

4. Phillip MC (1992) A survey of the arable weeds of Botswana. TropPest Mang’t
38 (1): 13- 21.

5. Aliyu BS, Emechebe AM (2006) Effect of Intra- and inter-row mixing of sorghum
with two varieties of cowpea on host crop yield in a Striga hermonthica infested
field. Crop sci 25: 61-89.

6. Amusan IO, Rich PJ, Menkir A, Housley T, Ejeta G (2006) Resistance to Striga
hermonthica in a maize inbred line derived from Zea diploperennis. New Phytol
178: 157-166.

7. Parera CA, DJ Cantliffe (1994) Pre-sowing seed priming. Hort 6: 109-141.
8. https://www.bighaat.com/pages/quality-seeds-importance

9. Nejla Turki, Tariq Shehzad, Moncef Harrabi, Moktar Tarchi , Kazutoshi Okuno
(2014) Variation in Response to Salt Stress at Seedling and Maturity Stages
among Durum Wheat Varieties. J Arid Land Studies 24: 261-264.

10. https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+3.%09Sala
chna+P%2C+Piechocki+R%2C+Byczy%C5%84ska+A+%282017%29+PI
ant+growth+of+Curly+kale+under+salinity+stress.+J+Ecological+Enginee-
ring+18%281%29%3A+25-43.+&btnG=

Adv Crop Sci Tech, an open access journal

Volume 11 + Issue 4 + 1000568


https://go.gale.com/ps/i.do?id=GALE%7CA572745870&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=00280836&p=AONE&sw=w&userGroupName=anon%7E32e048b2
https://go.gale.com/ps/i.do?id=GALE%7CA572745870&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=00280836&p=AONE&sw=w&userGroupName=anon%7E32e048b2
https://www.researchgate.net/profile/Dogan-Isik/publication/228725498_Invasive_weed_species_in_onion_production_systems_during_the_last_25_years_in_Amasya_Turkey/links/56b76efe08ae3c1b79b150a1/Invasive-weed-species-in-onion-production-systems-during-the-last-25-years-in-Amasya-Turkey.pdf
https://www.researchgate.net/profile/Dogan-Isik/publication/228725498_Invasive_weed_species_in_onion_production_systems_during_the_last_25_years_in_Amasya_Turkey/links/56b76efe08ae3c1b79b150a1/Invasive-weed-species-in-onion-production-systems-during-the-last-25-years-in-Amasya-Turkey.pdf
https://www.cambridge.org/core/journals/weed-science/article/abs/effect-of-mcpa-on-14cdiclofop-uptake-and-translocation/91E9981DC01320754127775173E31FF3
https://www.cambridge.org/core/journals/weed-science/article/abs/effect-of-mcpa-on-14cdiclofop-uptake-and-translocation/91E9981DC01320754127775173E31FF3
https://www.tandfonline.com/doi/abs/10.1080/09670879209371638
https://academicjournals.org/journal/AJAR/article-full-text-pdf/4F2A2C035864
https://academicjournals.org/journal/AJAR/article-full-text-pdf/4F2A2C035864
https://academicjournals.org/journal/AJAR/article-full-text-pdf/4F2A2C035864
https://nph.onlinelibrary.wiley.com/doi/full/10.1111/j.1469-8137.2007.02355.x
https://nph.onlinelibrary.wiley.com/doi/full/10.1111/j.1469-8137.2007.02355.x
https://www.researchgate.net/profile/Carlos-Parera/publication/228026635_Presowing_Seed_Priming/links/5b211e0c458515270fc6b491/Presowing-Seed-Priming.pdf
https://www.bighaat.com/pages/quality-seeds-importance
http://nodaiweb.university.jp/desert/pdf11/261-264_TURKI.pdf
http://nodaiweb.university.jp/desert/pdf11/261-264_TURKI.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+3.%09Salachna+P%2C+Piechocki+R%2C+Byczy%C5%84ska+A+%282017%29+Plant+growth+of+Curly+kale+under+salinity+stress.+J+Ecological+Engineering+18%281%29%3A+25-43.+&btnG
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+3.%09Salachna+P%2C+Piechocki+R%2C+Byczy%C5%84ska+A+%282017%29+Plant+growth+of+Curly+kale+under+salinity+stress.+J+Ecological+Engineering+18%281%29%3A+25-43.+&btnG
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+3.%09Salachna+P%2C+Piechocki+R%2C+Byczy%C5%84ska+A+%282017%29+Plant+growth+of+Curly+kale+under+salinity+stress.+J+Ecological+Engineering+18%281%29%3A+25-43.+&btnG
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+3.%09Salachna+P%2C+Piechocki+R%2C+Byczy%C5%84ska+A+%282017%29+Plant+growth+of+Curly+kale+under+salinity+stress.+J+Ecological+Engineering+18%281%29%3A+25-43.+&btnG

	Title
	Corresponding author
	Abstract 

