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Effects of deep vertically rotary tillage and film mulching on soil physical
properties and potato yield in the arid area of Southern Ningxia
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Abstract; Field trials were carried out in Baicheng Village, Xinying Township, Xiji County in 2018 and 2019
with two-factor split zone design experiment of film mulching. The main area had four tillage treatments of convention-
al rotary tillage to 20 ¢cm depth (CT) as a control, deep vertically rotary tillage to 30 em (FL30), 45 cm (FI45),
and 60 cm (FL60) depths, and the secondary area was set for two treatments of black film (BM) and without film
(NM).The soil physical properties and potato yield were measured, and the influence of deep vertically rotary tillage
and film mulching on soil physical properties and potato yield was studied. The results showed that, compared with
traditional tillage, deep vertically rotary tillage effectively reduced the soil bulk density of the plough layer and im-
proved the soil porosity. Among them, the effect of deep vertically rotary tillage to 45 e¢m treatment was better, and
the average soil bulk density and porosity of 0~60 cm in the deep vertically rotary tillage to 45 em treatment were sig-
nificantly reduced the soil bulk density by 5.70% and increased the soil porosity by 5.28%, respectively, compared

with traditional farming. Compared with traditional farming, deep vertically rotary tillage significantly increased the
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number of aggregates with mechanical stability of 0~60 cm soil layer >0.25 mm by 4.95%. The deep vertically rotary
tillage, film mulching and the interaction of the two had significant effects on soil water storage during the key growth
period of potato. The deep vertically rotary tillage to 60 ¢cm mulching treatment significantly increased by 22.26% com-
pared with the traditional farming without film mulching treatment. Among all treatment combinations, the total potato
yield and the rate of commercial potatoes were the highest in deep vertically rotary tillage to 45 em mulching treat-
ment, which was 69.69% and 15.15% higher than that of the traditional farming without mulching. Improving the
physical properties of dry land soil with the deep vertically rotary tillage and film mulching treatment was beneficial to

water storage and moisture retention, and thus potato growth. The effect of increasing production and water content in

the deep vertically rotary tillage to 45 ¢cm with film mulching was the most significant.

Keywords: potato;deep vertically rotary tillage; film mulching; soil physical properties; yield;arid area of

Southern Ningxia
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Fig.1 Characteristics of precipitation and temperature during potato growing period
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Fig.2 Potato full film mulching ridged double-row planting pattern diagram
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Table 1 Water storage capacity of 0~ 80 cm soil layer at different growth periods of potato in each treatment

B BN i HEEIHY Growth stage
Farming Mulching A LG T 5 &y R ] 5 E N DN Y]
method measure Sowing Seeding Florescence Tuber initiation ~ Tuber expansion Maturity
T NM 189.06bc 181.09¢ 187.64d 183.94d 163.34e 195.34cd
BM 191.19bc 195.16a 221.83be 185.47d 190.87¢ 200.20cd
F130 NM 193.16bc 186.26bc 227.87ab 195.56d 179.94d 183.96d
BM 202.20a 195.20ab 231.40ab 213.39ab 203.36a 229.47h
FL4S NM 189.65bc 183.50¢ 198.88d 201.83cd 186.77cd 199.50cd
BM 195.27ab 196.90a 211.30¢ 206.48bc 191.53bc 206.89¢
FL60 NM 183.02¢ 189.10abc 211.59¢ 195.14d 170.60e 197.64cd
BM 194.40ab 195.82a 234.22a 220.67a 199.12ab 249.73a
T 10.46" ~ 0.46 40.86 " " 32.66" " 20.28" " 4.87"
FF;YEElﬁue M 5.66" 30.28" " 19.32 " 45.06" * 142.75" % 32.48" ¢
T>M 0.99 1.06 2.41 931" " 11.26" * 6.63"

T M SRR HEE N R i, [R50 R [/ NS Rk 7m A B R 25 5 b 5 (P<0.05) o = Fl + =+ 3 BIFR/R F{HIK B3 (P<0.05) Al
W B2 (P<0.01) K-, T,

Note: T and M represent farming methods and film mulching measures, respectively. The different lowercase letters in the same column indicate sig-
nificant differences among treatments ( P<0.05). * and * * respectively indicate that the F values have reached significant ( P<0.05) and extremely

significant ( P<0.01) levels. The same below.
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Fig.4 Changes of soil water content in 0~80 cm soil layer at different growth periods of potato in each treatment
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0.25~0.5 mm FifE A RAF AT iR e, Tk
ZERWHEB IS5 mm - SEHUARRR R 1 P 2R R i B
TJZ IR R NS SRR G TR
i BN 27.97% ~49.89% F1 31.11% ~95.21%

[vi] — 2 R T, R ZEBEA A it v S 25 1 im0 ~
60 cm 12 A RIEFESEL, 0~60 cm )2,
FL30 4bFH>0.25 mm LA AR E P AT R4 T 2= 0 50
(DRys) B fc &, fERT A AP EH,0~60 cm
+ )24 FL30xBM 4B~ >0.25 mm LR E P H
RIRF R EC (DR, 5 ) e, FLASXNM AbFEYR 2,0
~20.20~40 .40~60 cm +)243 % CTXNM AbH i
AR 5.86% 3.38% ,3.33% .3.12% ,6.86% .3.98%
4 FFHETT AT, S BRI LR TF 0.25 mm RigR A
RIK(DR,,5) LA RAK, I HARXT T A 3 Fp
BEE T3, FL30 Ab BN AR AR ] DR, R A% 1 141 2R
AT

K2 BAME0-80 cm T ETERABRBRIZDH/ %

Table 2  Particle size distribution of soil aggregates in 0~ 80 cm soil layer in each treatment

T ﬂ{?fi\: %Hﬁ%ﬁ‘@ A SR AR 2 Aggregate size classes/mm
Farming Mulching
Depth/em method measure >5 2~5 1~2 0.5~1 0.25~0.5 DRy 55 <0.25
T NM 46.09b 17.11cd 11.40b 11.70¢ 4.46d 91.77d 8.23a
BM 28.81d 24.45a 14.08a 16.34b 8.65b 92.33d 7.67b
NM 45.69b 19.43b 14.11a 13.16¢ 4.76d 94.35b 2.85d
FL30 BM 56.73a 15.8% 10.77b 6.70d 4.26de 97.15a 5.65¢
FLAS NM 29.72d 23.52a 14.69a 19.80a 7.13¢ 94.87h 5.13¢
0~20 BM 41.06¢ 19.72b 11.47b 14.88b 6.23c 93.37c 6.63b
NM 30.68d 16.41de 14.66a 16.24h 15.11a 93.09¢ 6.91b
FL60 BM 57.50a 17.97¢ 9.26d 6.38d 3.45¢ 94.55b 5.45¢
i T 110.88 " * 161.37"* 5.28" 54.55" 71.67" ¢ 84.18" ¢ 83.77" ¢
F value M 100.71* " 1.72 50.69" * 159.50* * 118.01** 11.64 " 11.65* "
TXM 149.62™ * 77.47" 28.46™ * 89.33" * 269.93 " * 33.95" " 34.16" "
T NM 60.77a 13.65¢ 7.85d 6.81d 3.68¢ 92.76ef 7.24ab
BM 26.55d 22.78ab 14.87a 18.84a 9.55a 92.59f 7.41a
FL30 NM 37.73¢ 24.06a 13.88ab 12.04¢ 6.71b 94.42¢d 5.59¢d
BM 52.36b 19.19¢d 10.85¢ 8.87d 4.59¢ 95.85a 4.15¢ef
FL45 NM 41.53¢ 20.76bc 12.37he 15.21b 6.78b 95.65b 3.36f
20~40 BM 37.24c 20.40c 12.5be 13.87he 9.59a 93.61de 6.39bc
FL6O NM 40.59¢ 17.56de 14.27a 15.24b 7.38b 95.03be 4.97de
BM 49.42h 16.84e 11.64¢ 11.62¢ 4.50¢ 94.01d 5.99¢
i T 8.29" 11.78" ¢ 3.35° 15.04" " 20.51" 20.87" " 20.87" "
F value M 6.42" 4.88 0.82 2.57 6.29" 18.59* " 18.59" "
T>M 53.73" 67.68" * 32.73" " 37.43" " 31.69" * 33.11"" 3292
NM 19.80d 25.51a 18.01ab 20.15a 7.91b 91.37d 8.63a
et BM 24.87¢c 24.51a 16.68abc 19.25a 6.78¢ 92.09cd 7.92ab
FL30 NM 34.66a 25.18cd 17.72¢ 15.5d 4.59d 94.39b 2.36d
BM 36.55b 21.17¢d 15.55b¢ 13.15b¢ 7.97b 97.64a 5.61c
FLAS NM 34.39b 24.04ab 15.54b¢ 14.61bc 6.43c 95.01b 4.99¢
40~ 60 BM 33.72b 20.32d 18.95a 11.76d 8.10b 92.86¢ 7.14b
10 NM 25.23¢ 22.29be 19.14a 16.32b 10.12a 93.10¢ 6.90b
BM 35.18b 20.79¢d 15.00¢ 15.31be 8.09b 94.38b 5.62¢
P T 72.40* " 20.48" * 14.61** 45.22* 120.88 " * 37.28% " 37.10" "
r Vall:l(‘: M 0.65 8.67" 0.26 0.28 12.77* 41.54* 40.98 " *
T>M 10.67 "~ 4.79* 5.19" 2.74 15.20" " 27.12* " 26.84" "
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FEVE T 3 R it 35 1 2 o S S
P (SR R PR/ NE ) T
BEREER SRR SRR, MHMES
BN AR X S8 5 K8 rh 3 s AR i
2 RE R N EH R BN 7 i R R () 5 e 3
SR EAE, R —BEF R, R AL
PRI BM>NM ; [a] — 2 B4 it T H 48 3K
Bpn B RN FLASSFL60>FL30>CT, ifif Fh 22 7= i 3¢
N FL60>FIA45>FL30>CT, /N = £ B CT>
FL60>FL45>FL30, fEIr A ALBRZA A, K2 ™ & L
FLASXBM b3 i, th 3577 i DL FL60XBM Ab 3
AT EE CTXNM Kb B I 2 3840 45.75% . 71.59%

JNEE PR DL CTXNM b P i i

HEE 7 2 7 M il X % S R R T
¥, FE—#HE T BM AL TS R PR A
Ml — RSt N, 4 FhopE AR 0y b FL4S b3t o
BT B o e, HEURO FL6O i FL30 Ab 3,
FEFTA Ab B4 FLASXBM A3 1 T 44 2 P i f
15, FLOOXBM L3R 22, 435488 CTXNM Ab B i 2 4
15 69.69% 1 65.04% , 75 il 58 5 A4 S 1 AR
b —3, Toie BRI it S A BAE
Xof Eh % SE R i SR W B R, TR T A
N4, FLAS x BM 4b 3 A0 75 i 2 R i, Okl
FL30x BM Ab #, 43 5 % CT x NM 4b BH i 35 2 =5
15.15%F1 14.92% , Z5 &5 #7 & B, FLAS X BM Ab 3
X e e S e R R AR e

K3 BREMNIREFERERER

Table 3  Potato yield and commercial potato rate of each treatment

(RN ey B FEE R Yield composition/ ( kg * hm’z) TR
Farming Mulching Total yield i .
method measure /(kg + hm™) K Big tuber 12 Middle tuber /N Small tuber Commodity rate/%

or NM 33170.87d 26880.13d 1612.51¢ 4678.22a 85.43¢
BM 41532.21cd 35837.68cd 2950.01be 2744.51b 93.93b
130 NM 38706.19¢d 34790.17c¢d 2812.51be 1103.51c 97.24a
BM 48524.04abe 43260.22abe 4402.52ab 861.30c 98.18a
F145 NM 45575.23abc 40947.70abc 3535.02bc 1092.51¢ 97.56a
BM 56288.66a 49750.25a 5625.03a 1113.38¢ 98.38a
FL60 NM 43631.22bed 38707.69bed 3840.02ab 1083.51c 97.55a
BM 54746.40ab 47775.24ab 5675.03a 1296.13¢ 97.63a
e T 574" 7.60 " 10.84 "~ 49.84" " 64.65" "
M 14.57** 17.25% " 11.00" 2429 237.34* "
F value
TxM 0.05 0.05 0.10 2490 * 146.32" *
3 W FLBRE S5 2~5 1 ~2 mm Ki g PR 5 40 12 4
® G

IR B O RO REAY B R 2 — B
VET7 UL ey B B e 3 A 15 i, g
AVEWAE R R B BT R A 00 SR 4R
oK, AT BB BOBZ AL v BRI AE | AR K
PRACAE S T B, IRl BELAG T AR AR AR LY OGRS
TR, AN & AN TR B T7 3CR T A Ge kA mT
AR R s B2 R LR A
WFTEAE SRR, oy 28 AL BEAR X TR SRR AN
HRTT 2K, ATl e A T A A ) R A AR, O
AR LB . A HonT RE SN 224 2
AT OR B RES TR AR R, B3 G +
HERHR B , (SRR R BN TR, O W AR T
IR [ AR A TN R B R 7 X
(B et (B2 L AL R B A B o
(2 4 P 2R AR 1) 2 i) A 12547 28 - 98 DA 3R A 114
LA AL AT B UIAR G, 1) 252 R B L

G, P ZBHHERS N T 2~5.1~2 mm RLZ% 1
e RAR S 1 N T LR, Al Ss
REW, BN T, SEEPEANBE A,
Bz £1>0.25 mm HUMER E P A1 2R A K i 25 3
fine Tk 2R T 1% <0.25 mm AL E 1
PISRIAB R AL AR W R, X2 T Of%
GERFVEZE AT BIRE, Wl /D T RS MR R 45 R i 7 AR Al
THEA LTI AL, I 22 R A R
Bz RS LR A R AR 22 2 4 T AR
HET HIER LR 5 A SRR bR AR DG HERT i
TERR AR BT R | 1R TSR A i 440 + 0
A B 5 o 2 TE AR DG OC R I HA DL B e KA
REIE PR EZ AR, QFHE 7 X A] 52 ma il
A1 AKX K AT SRAR Z (] A AR B AR B2 A, TR
AT SRR 12 i AT SR AR TE A BILAS AR T AH B i
gET A AR R DY AN Ol TR
ﬂﬁ*ﬁXﬂ“ﬂ:’ﬁ%éﬁﬁ:ﬂz, i 0~40 cm +/Z>0.25 mm #l
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