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TRAFFIC AND TILLAGE EFFECTS ON SOIL WATER
CONSERVATION AND WINTER WHEAT YIELD
IN THE LOESS PLATEAU, CHINA

WPLYW SPOSOBU UPRAWY ROLI NA OCHRON E WODY GLEBOWEJ
| PLONY PSZENICY OZIMEJ NA WY ZYNIE LESSOWEJ, CHINY

Abstract: In semi-humid Loess Plateau of northern Chinaewit the limiting factor for rain-fed crop yields.
this region, long-term traditional ploughing withrasv removal has resulted in poor soil structuratew
conservation and crop yield. Controlled traffic,md@ned with no-till and straw cover has been prepom
improve soil water conservation and crop yield.nfr2999 to 2007, a field experiment on winter wheas
conducted in the dryland area of Loess Plateawharn China, to investigate the effects of traffnd tillage on
soil water conservation and crop yield. The fielkpe&iment was conducted using two controlled tcaffi
treatments, no tillage with residue cover and nmgaction (NTCN), shallow tillage with residue cowerd no
compaction (STCN) and one conventional tillagettmemt (CK). Results showed that controlled traffistem
reduced soil compaction in the top soil layer, @ased soil water infiltration. The benefit on sedter infiltration
translated into more soil conservation (16.1%)4H00 cm soil layer in fellow period, and achievedher soil
water availability at planting (16.5%), with lessayly variation. Consequently, controlled traffistem increased
wheat yield by 12.6% and improved water use efficyeby 5.2%, both with less yearly variation, comguawith
conventional tillage. Within controlled traffic agments, no tillage treatment NTCN showed bettezrail/
performance. In conclusion, controlled traffic cangal with no-tillage and straw cover has highefqrerance
on conserving water, improving yield and water esfciency. It is a valuable system for soil andteva
conservation for the sustainable development a€algure in dryland China.
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Introduction

In semiarid Loess Plateau of northern China, dndléarming with winter wheat,
accounting for about 80% of total cultivated lanidghe most common farming mode. Due
to the inconsistent between growing seasons (frathSaptember to next June) and rainy
seasons (July to September, with more than 60%aiofall), soil water conservation is
critical to winter wheat production. Winter wheaeld and water use efficiency depend
strongly on soil available water due to less rdirgad uneven rainfall distributidi]. The
importance of storing soil water for increasing ahgield and water use efficiency has
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been supported by many dryland studies includirapehin Loess Plateau of China by
Shangguan et al [2hd Wang et al [3] and in the dryland area of Aalistrby Tullberg et al
[4]. Traditional farming resulted in serious lodgpoecipitation collected during the raining
seasoffi5], poor soil physical and chemical properf@lsand low available water because of
high potential evaporation, bare fallowing and etiaige, therefore reduced crop yield and
water use efficienclr]. Shangguan et al [2] reported that fallow ralhtorage efficiency
was only 35 to 40% under traditional tillage in kedPlateau. Wang et al [8] showed that
crop yield and water use efficiency tended to lveeloin traditional tillage in Loess Plateau,
especially in the years of low rainfall, due to @aed soil structure and decreased soil
moisture. Therefore, ameliorating soil structurapioving soil available water and water
use efficiency, and increasing crop yield are ewtly necessary and will be significant to
the sustainable development of dry land agriculture

Controlled traffic system, combining with minimum zero tillage and straw mulch, is
considered as an effective way to increase croful yamd water use efficiency due to
improved soil structure and increased soil wateragfe capacity, especially in arid region
[9-12]. Radford et al [13] reported that controlledffic provides a range of advantages in
terms of infiltration, plant available water capggcand crop productivity. Li et al [14]
observed that controlled traffic zero tillage irmsed 12.0% rainfall infiltration, 11.5%
plant available water capacity in 0-500 cm zone 8o mean yield, compared with
wheeled stubble mulched treatment.

In Loess Plateau of China, a series of researctbéas conducted to investigate the
effect of controlled traffic system. Wang et al [¥Bported initial results of experimental
trials for a single maize cropping system on thatf2¢ Loess Plateau. In their tests, runoff
from controlled traffic was 20% lower than from eentional tillage plots, and soil erosion
declined by 16%. Chen et al [16] reported that edthdecreasing crop yield, controlled
traffic system improved soil structure and indudggher water infiltration. Controlled
traffic with conservation tillage increased accuativke infiltration by 25.8%, compared
with non-controlled traffic treatments. Based omtamious experiments, Wang et al [3]
reported significantly increase of soil water comtimm the 0-150 cm soil profile at sowing,
which result in 6.9% increase in winter wheat yjeldd less yearly variation. Bai et al [17]
reported 67.4% greater final water infiltrationastand 14.9% higher water content in
130 cm soil layer for controlled traffic system,ngmared with traditional farming system.
However, in semiarid Loess Plateau of northern &hihere is no systematic research on
the long-term effects of controlled traffic on seihter conservation characteristics. It is
unclear how does long-term controlled traffic pieet positively change soil water
characteristics, and its relation to crop yieldloAg-term field experiment was conducted
with winter wheat to investigate the effects of irolhed traffic on soil water conservation
characteristics and crop yield.

Material and methods

Sites

The experiment plot was set up in annual one cewpon of Chenghuang village
(37°32'-38°6'N, 112°4'-113°26'E), Linfen city, Skigorovince. The altitude is range from
360 to 500 m. Average annual temperature is 10-22f€130 frost-free days. The site has
a semiarid, warm-temperate climate and frequenaghty with average annual rainfall of
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380-553 mm, falling mainly from July to SeptembE&nhe annual evaporation is 1800 mm.
The fallow period is from the middle 10 days of dun the middle 10 days of September.
The erosion index is less than 400 tonkyear™.

The soil in the experimental plots is a silt loasar(d, 18.8%; silt, 77.5%; clay, 3.7%)
derived from loess parent material. The soils aveih organic matter content (0.9%; O to
400 mm depth) and slightly alkaline (pH 7.9). Thaélssof Loess Plateau are generally
described as porous and homogenous to considedapkh with limited variance across
fields [18].

Experiment design

The effects of traffic management and tillage onter wheat were studied from 1998
to 2007. There were 3 treatments with 5 replicatioro tillage with straw cover and no
compaction (NTCN), shallow tillage with straw covand no compaction (STCN) and
conventional tillage (CK).

NTCN: a controlled traffic treatment, no tillagérasv cover and none compaction in
crop zone. In this treatment, 30 cm high wheatdtilvas left at harvest, and all wheat
straw was returned to the plots after being thréske the fallow period, there was no
tillage - weeds controlled by herbicides only. Wheas sown with a no-till planter in
September.

STCN: another controlled traffic treatment, shalléflage, straw cover and none
compaction in crop zone. In this treatment, 30 dgh lwheat stubble was left at harvest,
and all wheat straw was returned to the plots &féémg threshed. In the fallow period, there
was no tillage. Shallow tillage was done beforeiagwvith a two-shovel sweep at a depth
of 5~8 cm, and then wheat was sown in Septembag uké same sowing machine used for
NTCN.

CK: the conventional tillage treatment. In thisatreent, random wheel traffic was used.
5-6 cm high wheat stubble was left at harvest,thetwheat straw was not returned to the
plots. The soil was ploughed to a depth of 20 derahe first summer rain, and mechanical
weed control was used in the fallow period. Befeoging, the plot was plowed again to
20 cm by moldboard plough, then harrowed and drhdufore wheat was sown with
a conventional planter in September.
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Fig. 1. Traffic lanes and crop rows layout for veintvheat

The layout of crop rows and permanent traffic lamese designed as presented in
Figure 1 according to the characteristics of Idcattors and planters. The width of each
traffic lane is 30 cm, occupying 20% of land ar@ad six rows of winter wheat with 20 cm
of row space were planted between two neighbor intheeks. Each plot is 4.5 m wide and
30 m long.
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Before the treatments were applied, the experichanéa was ploughed (30 cm depth)
to provide uniform soil conditions. To make theatraents comparable, the same rates of
fertilizer and seed were used each year. Everyogedsrtilizer was applied at the rate of
150 kg N ha, 140 kg P ha@ and 62 kg K ha and the seeding rate was 225 kg-h#&heat
was sown in the last ten days of September andebg in the first ten days of June.

Measurements
Soil bulk density and water content

In each plot, six random soil samples were takeéngua 54-mm-diameter steel core
sampling tube, manually driven into a 100-cm defithe soil cores were split into ten
sections: 0-0.1m, 0.1-0.2 m, 0.2-0.3 m, 0.3-0.40%-0.5 m, 0.5-0.6 m, 0.6-0.7 m,
0.7-0.8 m, 0.8-0.9 m and 0.9-1.0 m. These sampées then weighed when wet, dried at
105°C for 48 h, and weighed again to determine dahsity.

Soil water content was measured by the gravimetgthod by taking soil cores at the
sowing and harvest date of each growing season.coés were divided into 10 cm
increment from soil surface to 100 cm depth. Theameoil moisture content for all
treatments was computed as soil moisture leveholi @epth.

Fallow water storage

Fallow precipitation storage efficiencP$E) was calculated as the difference in the
soil water content within the 100cm profile betwdba beginning and end of the summer
fallow period, using the following equation:

psg = IS oo (1)
PF
whereSWP is the amount of soil water storage at plantB\yH is the amount of soil water
storage after harvestinB; is the total precipitation during fallow period.

Infiltration

The infiltration of water into the soil was detemad by the double ring infiltrometer
method, with a 30-cm inner diameter and 60-cm odi@meter cylinder. The infiltrometer
was inserted for 10 cm into the soil on the expental field (five replicates for each
treatment). A constant water head of 20 mm was taiaied in both rings, and the rate of
infiltration was measured using discharge fromlébcated Mariotte bottle.

Yield and WUE

Wheat grain yields was determined at 12% moistargent by manually harvesting
3 m length of rows taken randomly in each plot, hwi# replications. Seasonal
evapotranspirationHT) for individual plots was determined for each girmyvseason using
the soil water balance equation:

ET=P+1-AW (2)
whereET is the evapotranspiration of the growing whdais the total growing seasonal

rainfall, | is the irrigation AW is the soil water change (final minus initial) inglanting to
harvesting, which was calculated by subtractingtti@ soil water content at 100 cm depth
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of soil profile. In this experiment, there is ndgation, sol in Eq. (2) was zero for all plots.
Total Water use efficiency}UE) was calculated as the winter wheat yield [thdivided
by the growing season evapotranspiratign)(

Statistical analysis

Mean values and standard deviations (S.D.) werilzdéd. All data were subjected to
analysis of variance using ANOVA to assess thecedfef traffic management and tillage
on the measured variables. When ANOVA indicatedignificant F-value, multiple
comparisons of annual mean values were performedhéyleast significant difference
method (LSD) [19]. In all analyses, a probabilifyesror smaller than 5%(< 0.05) was
considered statistically significant. The SPSS yitl software package (13.0) was used
for all the statistical analyses.

Results and discussion
Soil bulk density

Controlled traffic treatments showed lower soil bwensity in upper soil layer.
Significantly lower value was observed in 10-20 layer in controlled traffic treatments
(P < 0.05) (Table 1). This was due to the avoidingsoil compaction in crop zone by
permanently separating crop areas and traffic lameontrolled traffic system. Random
traffic from field operations and annual ploughiig traditional tillage leads to soil
compaction and the formation of a plough pan inloeer soil profilg20].

In 0-10 cm layer, expected significant differencaswnot observed between controlled
traffic treatments and conventional tillage treatimevhich was probably due to the effect
of root growth in top soil layer at sampling timM&@TCN showed significantly lower bulk
density than NTCN, due to effect of the shalloviagie. Consistent with bulk density,
similar tendency was observed in total porosity.

Table 1
Bulk density and total porosity of the three treats in 0-40 cm layer
Bulk density [g/cn?] Total porosity [cm®/100 cnd]
0-10cm | 10-20cm| 20-30cm  30-40cm  0-10gdm  10-20 ¢m20-30 cm 30-40 cm
NTCN 1.37 1.3F 1.36' 1.44 48.28 50.88' 49.2G 46.06
STCN 1.26 1.36 1.4 1.44 54.67 49.06 47.33 46.06
CK 1.27° 1.54 14F 1.458 52.03° 42.26 47.33 45.68

Means within a row in the same year followed byghme letters are not significantly differenPat 0.05.

Soil water infiltration

Figure 2 showed the soil water infiltration chaeacfor different treatments in 2007.
Due to the effect of wheel traffic and tillage awil structure, infiltration showed different
feature among treatments.

Wheel traffic showed significant effect on soil eminfiltration. As soil compaction
was avoided in NTCN and STCN, lower soil bulk dgnaind higher soil porosity result in
higher value in infiltration rate and infiltratioaccumulation. NTCN reached steady
infiltration (0.233 cm/min) in 86 minutes, STCN ob&d steady infiltration (0.391 cm/min)
in 53 minutes, and CK reached steady infiltratidrl88 cm/min) in 35 minutes. Averagely,
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controlled traffic treatment was 126% higher thal, @nd with significant difference
between STCN and CKP(< 0.05). Consequently, the accumulation infiltvatiand
infiltration depth were higher in controlled traffitreatments. After 140 minutes of
infiltration test, the accumulation infiltration FTANTCN, STCN and CK were 44.2, 60.7
and 35.6 cm, respectively. Significant differencaswobserved between STCN and CK
(P < 0.05). Compared with CK, NTCN and STCN increasedumulation infiltration
24 and 70%. The infiltration depth increased 64 &6& in NTCN and STCN, compared
with CK. This can be explained by improved watdlemgéion capacity caused by greater
capillary pores in controlled traffic plof21]. These results on water infiltration were
consistent with a 5-year controlled traffic expegithconducted in southeastern Queensland,
Australia[22], which demonstrated that the steady infilmatrate in controlled traffic plots
was four to five times higher than that in non-colhéd traffic plots.

0.5
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- 100 {ecm
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0.2 60
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40
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Fig. 2. Soil water infiltration character for difemt treatments. Left: steady infiltration [cm/miRjight:
accumulation infiltration [cm] in 140 mins

As tilled soil has advantage in infiltration, STGNowed benefits on water infiltration,
compared with NTCN, but without significant diffeiee @ < 0.05).

Soil water storage during the fallow period

The wheel traffic and tillage differentially affect the amount of soil water storage
year to year during the fallow period dependingfaiow management and environmental
conditions, shown as Table 2. As soil water irdiiton capacity increased in controlled
traffic system, soil water storage capability wasréased consequently, averagely 16.1%
higher.

With the exception of 2000 and 2003, controlledatments (NTCN and STCN)
showed significantly higher capacity in fellow rtilh storage aP < 0.05 level, compared
with CK. Compared with CK, NTCN and STCN increadetiow water storage 17.1 and
15.1%, respectively. Especially in 2002 and 20@4,sater storage for NTCN and STCN
significantly increased about 20 mm compared witk, Gespite the lower-than-average
fallow period precipitation of 43.8 and 65.2 mn2@02 and 2004, respectively.

PSE varied highly during experimental period becaukdifferent annual precipitation.
Consistent wittFWS, controlled traffic treatments showed higher valu®SE. MeanPSE
for controlled traffic was 16.5% significantly highthan for CK during the study period. In
six years,PSE for controlled traffic was significantly higher &h conventional tillage
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(P < 0.05). One reason was the straw mulch underralted traffic management, which
prevented soil water evaporation and improved aflinffiltration, therefore increasdelSE.
Another possibility was the reduction of root zooempaction, which ameliorated soil
aggregation stability, soil capillary porosity aswil-water relationships, thus increased soil
available water.

Table 2
Fallow rainfall storage efficiency for differeneatments from 1999 to 2006

1999 2000 2001 2002 2003 2004 2005 2006 Megan

NTCN | 1128 | 65.4 | 164.8 | 83.F | 188.2 | 72.¢ | 123.3 | 134.6 | 118.1
STCN | 1218 | 62.2 | 161.83°| 89.7 | 1922 | 73.9¢ | 113.#°| 11460 | 116.1
CK 97.® | 66.00 | 152.8 | 61.2 | 177.# | 548 | 1047 | 925 | 100.8

FWS
[mm]

NTCN | 44.6 | 244 | 588 | 364 | 47.F | 31.8 | 46.2 | 32.3 | 401
PSE[%] | STCN | 476 | 237 | 57.6° | 390.2 | 482 | 357 | 404" | 2758° | 39.9
CK 38.80 | 246 | 544 | 268 | 444 | 262 | 37.P | 2248 | 343

1. Means within a row in the same year followedthy same letters are not significantly differenPat 0.05.
2. FWSrepresents fellow water storage amo8E represents precipitation storage efficiency.

Between two controlled traffic treatments, STCNw&d lower value in fellow water
storage than NTCN. The benefits of shallow tillageinfiltration did not result into higher
soil water conservation. Soil disturbance in shallilage result in less ground cover,
a greater surface area for evaporation, highertsoiperature, and possibly a greater gas
permeability of the shallow tilled layer, thus ineses soil moisture loss.

Soil water available at wheat planting

With the positive effect on fellow water storagecntrolled traffic system, more soll
water was conserved, thus higher value of soil watailable (0-100 cm soil layer) at
wheat planting was observed, shown in Table 3. ©@betl traffic treatments increased soll
water available at planting throughout the expeningeriod, with significant difference in
seven yearsH < 0.05). Mean soil water available from 1999 t®?2@or controlled traffic
treatments was 16.5% significantly higher than enional tillage at planting time.

Table 3
Soil water available [mm] at wheat planting time $©99-2007 at depth of 0-100 cm

1999 2000 2001 2002 2003 2004 2005 2006 2407  Méan
NTCN | 233.3 | 201.8 | 254.8 | 235.7 | 283.3 | 230.6 | 249.6 | 288.7 | 252.7 | 247.7
STCN | 236.8 | 199.8 | 256.9 | 243.8¢ | 282.6 | 231.8 | 251.7 | 250.6° | 229.0 | 2434

CK 1588 | 198 | 246.F | 198.8 | 262.7 | 207.P | 240.8 | 2423 | 200.3 | 2181

Means within a row in the same year followed byghme letters are not significantly differenPat 0.05.

Less deviation was demonstrated that soil availaléger in controlled traffic
treatments, which means more stable water consemvatapacity compared with
conventional tillage. The reason can be explaingdigher rainfall storage capacity in
controlled traffic treatments during fallow seasoaspecially in the dry fallow seasons
(Table 2), therefore diminished the effects of {yemariation of precipitation and provided
more stable soil water available for crop.
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The experimental data indicated that traffic manag® and tillage significantly
affected soil water storage at planting time. Caotiemal tillage had exposed moist soil
channels, thus increased fluxes of water, decreasidstorage capacifg3, 24]. While
through improving soil physical structure and iragie@g water infiltration, controlled traffic
systems, both NTCN and STCN treatments, consenae matef25], and reduce yearly
variation to keep more stable water supply for guogduction.

Yield

Soil water is the vital factor for winter wheat pretion in Loess Plateau in China. The
higher capacity of soil water conservation evemyu#danslated into higher crop yield,
shown in Table 4.

Table 4
Winter wheat yield from 1999 to 2007 [ton/Am

1999 2000 2001 2002 2003 2004 2005 2006 JODRan
NTCN | 3.27 | 2.48& 3.08 3.68 3.5F 4.0F 2.7F 443 [4.76%] 3.55
STCN | 348 | 257 3.14 3.90 3.44 439 273 437 |5.03%] 3.66

CK 3.79 1.46 2.9F 352 3.64 412 1.97 350 [3.98| 3.20

Means within a row in the same year followed byghme letters are not significantly differenPat 0.05.

Nine years mean yield of controlled traffic was6@P2. higher than that of CK, and in
five out of nine years, controlled traffic treatnteshowed significant advantages in winter
wheat yield, compared with CH(< 0.05). Within controlled traffic treatments, NNGnd
STCN showed similar performance on yield. Furtheendhe soil water conservation
benefits of controlled traffic system reduced théeats of precipitation amount and
timeliness on yield. The mean yield and standasdatien for NTCN, STCN and CK was
3.55 + 0.54 ton - 14 3.66 + 0.65 ton - higand 3.20 + 0.97 ton - Hawhich indicated that
controlled traffic was less affected by preciptativariations, thus to enhance the stability
of crop production.

Consistent with yield, nine years mean WUE of colied traffic treatments was 5.2%
higher than that of CK, and in four years, con&dlkraffic treatments showed significant
advantages in winter wheat yield compared with €k (0.05) (Table 5). Within controlled
traffic treatments, NTCN and STCN showed no sigaifit differencel < 0.05), as a result
of similar ET and yield effects. These data shothed, controlled traffic improved WUE in
rain-fed farming in Loess Plateau, as a resulimpfroved soil structure, increased soil water
available (Table 3) and reduced potential evapamati

Table 5
Winter wheat water use efficiency from 1999 to 20@n/hnt]

1999 | 2000| 2001 2002 2008 2004 20p5 2006  2p07  Mean
NTCN | 17.¢ | 143 | 11.¢ | 154 | 11.6 | 10.3 | 12.8 | 11.8 | 14.8 13.3
STCN | 184 | 144 | 1158 | 16.3 | 10.8 | 11.2 | 140 | 1272 | 15.7 13.8

CK | 176 |12 | 106 | 142 | 132 | 10.¢ | 11.° | 114 | 147 | 129
Means within a row in the same year followed byshme letters are not significantly differenPat 0.05.
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The results of winter wheat yield indicated thatdry land farming of Loess Plateau,
even 20% of field was occupied by wheel track, aalgd traffic still can increase crop
yield, thus secure the stability of food producti@m@mpared with conventional tillage.
Controlled traffic had higher capacity for watemservation during fallow and more stable
soil available water at planting time than convema tillage [26]. As wheat yield was
linearly related to soil water stored at plantingd ahis positive relationship was more
significant than the relationship to seasonal wass, the extra soil water stored (Table 3)
can enhance crop productivity. The positive effectrop yield of controlled traffic found
in this study were consistent with the previousegipental results demonstrated by Chen et
al [6] and Bai et al [17].

Conclusion

Traffic and tillage differently affected water cemgation, water use efficiency and
yield. Long-term controlled traffic practice in Le® Plateau significantly improved soil
structure, increased soil water infiltration, thosreased water conservation during fallow
period, therefore improving available soil watethie 0-100 cm soil depth, and reduced the
yearly variation. Consequently, winter wheat yialtd water use efficiency for controlled
traffic treatments were significantly higher andrmstable than that for conventional tillage.
Within controlled traffic system, controlled traffcombined with no-tillage and straw cover
(NTCN) has higher performance on conserving waiteproving yield and water use
efficiency. It is a valuable system for soil andtevaconservation for the sustainable
development of agriculture in dryland China.

These results demonstrate that controlled traffistesn can provide a significant
improvement over the current farming system onstiveiarid Loess Plateau. More research
on the relationships between controlled traffid| stucture, runoff and erosion reduction,
and productivity is required to fully understanck thenefits of controlled traffic system
throughout the drylands of northern China and pttenits application.
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WPLYW SPOSOBU UPRAWY ROLI NA OCHRON E WODY GLEBOWEJ
| PLONY PSZENICY OZIMEJ NA WY ZYNIE LESSOWEJ, CHINY

Abstrakt: Na Wyzynie Lessowej w potnocnych Chinach woda deszczoesd ¢zynnikiem ograniczgjym
wydajnai¢ plonéw zbd. W tym regionie tradycyjna orka pezona z usuwaniem stomy spowodowata ostabienie
struktury gleby oraz redukgj zasobow wody, co w rezultacie doprowadzito do =jsaenia plondw.
Kontrolowany ruch maszyn, w pizeniu z rezygnagjz orki i wykorzystaniem stomianej ostony powierach
gleby, zostaly zaproponowane w celu poprawy ochrglepy i zwtkszenia plonéw. W latach 1999-2007 na
suchych obszarach Vidyny Lessowej przeprowadzonosgddadczenia polowe z wykorzystaniem pszenicy ozimej,
ktorych celem bylo zbadanie wplywu ruchu i sposalprawy gleby na ochrenzasobéw wodnych i plony
uprawianych rélin. Doswiadczenie polowe przeprowadzono na polach upralwrgy&ontrolowanym ruchem,
przygotowanych na dwa sposoby. Jedno z pdél bylzaoiene, jego powierzchnia nie byta utwardzana,
pozostawiono nienaruszone resztki pokrycia (NTCN)ugie pole bylo podobnie przygotowane, ale
w odr&nieniu od pierwszego zastosowano pdytircke (STNC). Otrzymane wyniki poréwnano do tych, ktére
uzyskano z pél przygotowanych w sposéb konwencignéCK). Wyniki wykazaty,ze kontrola i ograniczenie
ruchu zmniejszyly zbijanie sigérnych warstw gleby, zekszajc przenikanie wody w gb niej. Korzystnym
skutkiem przenikania wody do gleby byta lepszaojrona (16,1%) w warstwie 0-100 cm w kolejnychesiach

i wigksza dosipnas¢ wody w glebie w czasie wysiewu (16,5%), przy msdej rocznej zmienoi. W wyniku
wykorzystania systemu sterowania ruchem plony pegemzrosty o 12,6%, a efektywda wykorzystania wody
poprawita s¢ 0 5,2% w poréwnaniu z uprawiradycyjrs. Najlepsa ogdln wydajnag¢ zaobserwowano na polu
NTCN. Podsumowuc, mazna stwierdat, ze kontrola ruchu, brak orki i ochrona powierzchaippmog stomy
majs znaczny wplyw na ochrgnzasobéw wody w glebie, poprawgej wydajnd¢ produkcji i efektywnéé
wykorzystania wody. Opisany system ochrony glelpody jest istotny dla zréwnowanego rozwoju rolnictwa
na suchych obszarach Chin.

Stowa kluczowe:ruch kontrolowany, pszenica ozima, ochrona waéaoh piszenicy, Wiyna Lessowa



