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A primary challenge of our time is to attain higiofl security for a growing world population witrdteeed investment
and ensuring environmental sustainability. Cong@naillage practices have received wide inteimadi attention to address
this challenge because of their effect on soil maproperties and grain yield. However, thera igack of knowledge about
the relationships between soil physical propertied grain yield, especially for soil water repetignThe dynamic of soil
physical properties during the growth period i®alsldom taken into account to understand suitsdilgohysical environment
for plant growth. Moreover, although it is well kmo that conservation tillage practices could affeail water repellency
through hydrophobic substances and pore struaturst of the studies have only focused on hydropghstibstances due to the
complexity of soil pore structure measurement andngjfication. This results in limited knowledgeaaib the relationship
between soil pore structure and soil water repejlen

In this study, we used a long-term field experimiecated at the Dryland Farming Experimental Stafio Shouyang,
Shanxi Province, in northern China to study thesspal changes of soil physical properties (e.gk lolgénsity, penetration
resistance, porosity, mean weight diameter, |éasting water range, and plant available water). &0 assessed how these
soil physical properties influence grain yield, esiplly reveal the mechanism of how soil water Hepey affects grain yield
from the perspective of soil water availability. Hetter understand the effects of hydrophobic sulests and pore structure on
soil water repellency, another long-term experiraklaication was conducted in Gongzhuling, Jinliov®nce, northeast China.
The treatments were conventional tillage with residemoval (CT), reduced tillage with residue ipmwation (RT), and no-
tillage with residue mulching (NT) in both of thelfls. The main results of this thesis are as ¥aito

(1) Soil physical properties (e.g. bulk densityngkation resistance, pore size distribution, mearght diameter,
least limiting water range, and plant available esatvere significantly influenced by tillage managmt, soil depth, and
growth period (P < 0.05). At 0-5 cm layer, NT whs tighest in soil bulk density on April 27th, kibére was no significant
difference among the three tillage management bn7ib, and NT was lower than RT and CT on Septeribéh. In addition,
bulk density, porosity, S index, and mean weighnuiter showed irregular and different relationshifib grain yield during
the growth period, especially there were no sigaiit relationships between these soil physical gnt@s and grain yield (P >
0.05). These results suggested that these soiligathysroperties were ineffective indicators for igrgield. In addition, the
range of least limiting water range was narrowemtiplant available water during the growth period ahore sensitive to
assess soil water availability under the threetimeats. NT significantly increased the lower linftLLWR, which made it
more difficult for root water uptake. Hence, RT sgated higher corn yield compared to NT, even & water content
remained lower. Redundancy analysis further inditahat maize yield was mainly driven by a lowenitiof LLWR and
penetration resistance.

(2) Soil organic carbon and microbial biomass carlimth of which are hydrophobic substances, wagleehn in RT
and NT treatments than in CT treatment. Microbiahtass carbon had a closer relationship with theem@pellency index
than soil organic carbon and more fully explainké impact of tillage on soil water repellency. TRE and NT treatments
increased the porosity of pores that were 5541®5in diameter and it had a positive relationshighvethanol sorptivity and
the water repellency index, respectively. Howetleere was no significant link with soil water rdpeky properties when the
pores were greater thanl6®n in diameter. The RT and NT treatments increasmgtisity by enhancing porosity and
connectivity, and decreased water sorptivity byeasing soil surface area, which occurred becdwesarea and possibility of
contact between hydrophobic substances and sa@hivatreased.

3) Both water sorptivity and water repellency irded effects on soil water availability (e.g. plarailable water,
least limiting water range, and soil water storaipa)t could affect plant growth. The effect of se#ter repellency on soil
water content became more obvious with the decrieasail moisture following rainfall, which was alsnfluenced by rainfall
intensity. Although both water repellency indexdamater sorptivity can reflect the nature of sodter repellency, soil water
sorptivity had a significant influence on grain Igiewhereas water repellency index had no direfetceéfon grain yield. In
addition, water sorptivity was the most favoralie drain yield improvement compared with soil ongacarbon, mean weight
diameter, penetration resistance, and total pgrosit

In conclusion, the thesis reveals the mechanisrhooi soil tillage management affects grain yield diyanging soil
physical properties. We found that grain yield waanly driven by a lower limit of least limiting wer range and penetration
resistance. LLWR was an aggregative indicator aficig not only soil penetration resistance but agoporosity and soil
water potential, which can better explain the cleaofgrain yield under the long-term tillage managat in the semi-arid
region. Furthermore, the effect of conservatioladgeé on SWR is a result of the interactions betwpere structure and
hydrophobic substances. It is necessary to takeaiotount both pore structure and hydrophobic anbss when studying the
impacts of SWR on soil processes. SWR also hagdkential influence on grain yield by changing swélter availability and
the effect of SWR on crop yield was worthy of fumthstudy under conservation tillage practicd$he grain yield under RT
treatment was highest by increasing water sorpfitit WR, and WUE. From this, we conclud that RTatreent is the most
effective tillage practice compared to CT and Ndatments from the perspective of grain yield.
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