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Synergistic Effects of No-tillage Combined with Mulching on
Improving Soil Moisture Use and Potato Yield
HAN Gu'?, HOU Xianqging', DUAN Ruibing’, MA Yuan®, LIU Yanan®, LI Rong'
(1.School of Agriculture, Ningxia University » Yinchuan 750021, China s
2.Experimental Center of Desert Forestry Chinese Academy of Forestry . Dengkou s Inner Mongolia 015200+ China)
Abstract: [Objective] Considering the severity of both spring drought and spring cold, and shallow effective
topsoil in the southern mountainous areas of Ningxia Province, synergistic effects of no tillage combined with
mulching on improving soil moisture use and potato yield were investigated. [ Methods] From 2014 to 2016,
three different no-tillage mulching modes, including no-tillage straw mulching (NJ), no-tillage mulching film
(ND) . no-tillage no mulching (NB), and no-tillage no mulching as control (CK), were set up after autumn
crops were harvested for three consecutive years. The effects of no-tillage with mulching mode on soil

moisture retention, precipitation utilization and potato yield in arid region of southern Ningxia were analyzed.
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[ Results] Soil water storage and water storage efficiency during the fallow period were the highest under ND
treatment, which increased by 7.60% and 140.35% compared with CK, respectively; Those in normal year
and dry year were the highest under NJ treatment, which were increased significantly by 11.18% and 65.43% , and
28.42% and 122.72% compared with CK, respectively. NJ treatment had the highest soil water storage from the
seedling stage to harvest in normal and dry years, and from the budding stage to harvest in relatively dry years,
which was increased by 10.51%, 12.89% and 20.04%, respectively, compared with CK. ND treatment significantly
increased soil water storage by 11.42% compared with CK at the seedling stage in relatively dry years. The
no-tillage and straw mulching treatment has the best soil water storage effect from the budding stage to
swelling stage of potatoes in relatively dry years, specifically in the 100140 cm layer, the 40—100 cm layer
in normal years, the 0—40 cm layer in dry years, and the 100—160 cm layer. The no-tillage and plastic
mulching treatment had the best soil water storage effect on the 180-—200 cm layer in normal and dry years.
The water consumption in ND treatment was 22.26% and 36.57% higher than that in CK in early growth
stage (sowing-budding stage) and middle growth stage (budding-expanding stage) of relatively dry years,
respectively. The water consumption in NJ treatment significantly increased by 1.21 times, 7.14 times and
13.91%, respectively, compared with CK, in the late growth period (expanding-harvest stage) and middle
and late growth period (budding-harvest stage) of relative dry years and dry years, respectively. Potato yield
was the highest in NJ treatment, which was significantly increased by 51.80% compared with CK. In normal
years and dry years, potato yield of ND treatment significantly increased by 6.35% and 71.36% compared with
CK, respectively. Through correlation analysis, it was found that water consumption during the seedling
stage played an important role in potato yield, yield composition, and water use efficiency. The annual
precipitation use efficiency, precipitation use efficiency and water use efficiency in the growth period were
higher under NJ treatment than under CK, which were significantly increased by 51.79%, 51.80% and 50.52%,
respectively; those under ND treatment significantly increased by 35.14%, 36.14% and 21.61% compared
with CK in normal years and dry years, respectively. [ Conclusion] No-tillage combined with mulching can
effectively improve soil water storage and soil moisture retention during the fallow period and growth period,
and significantly improve potato yield and water use efficiency. The no-tillage and straw mulching mode can
realize continuous potato yield increase and high water use efficiency.
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Fig.1 Precipitation during the test period
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Table 1 The effects of no-tillage and mulching during the fallow period on soil water storage and moisture retention
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Fig.2 Soil water storage during potato growth period under no-tillage and mulching treatment
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Fig.3 Soil water storage in each soil layer of 0—200 cm under different treatments
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Table 2 Water consumption of potatoes at different growth stages under no-tillage and mulching treatment mm

Y Ab 3 I -1 10 - B ) BB IR R 2 K- AR
NB 55.93%+1.41b 76.6945.97c 83.621+4.39a 66.07+4.84c 5.61+0.68b
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CK 94.57%5.45a 61.14£5.60a 72.4947.75a 32.9843.33c 4.7640.20c
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B CK B 36.57 %01 33.76 % .1 NB Ab# 5
CK L #FH 25 AT E L NI 4B 5 5, ND b2
WZ 40 5l# CK 85 7.14 F1 6.05 %, i NB 4b
MY CK TREFER.
22 RHEBEENTEMREZENZMES LEKS
221 MNFEBRFEMRGH A KIS XA
L4 BE 7 i 3 LLORE X Ak K AR (30 774.0 kg/hm®) #x%
& FKAE (14 848.1 kg/hm?) R 2 Al K 4E (12 030.1
kg/hm*) Fefi) (£ 3) . AT R 7K AE D44 2= 5 2L NJ
AP e A ND A BRI 2, B CK 20 51 8 35 2 &
51.80% 11 10.75% . NB 4 # 5 CK Jo &g 3% 22 5 5 1M °F
JKAE RS K 45 3 DL ND Ab B8 A, 88 CK 9 51 3 7=
6.35% 1 71.36 %, NJ Ab PR 2, 8 CK 4 5l . 3% 42
15 5.27 %M 51.59 % . AH XAl K AR AR 25 SR
Jo R R 7 i S DLONT A A L B8 CK 4 i) B 3
PR 34.85%.12.20 Y% Fl 51.85 %4 o HiAth kb 38 i) 25 A
B3 K AR B Rk 45 2 80 LL NJ L CK R b #5420
BT R BARR S B DL ND AR AL B CK 4 42
1 14.89 06 1 6.90 Vo 5 Al 7K AF FRLBR 45 4 bk e i 1Y
LI ND 4b B 43, % CK 49 %) B & #2755 33.33% Al
72.22% B i DL NJ AR BEARCR AL B CK B3
KM 40.98% . A UL, G Bk o6 B AT B S Bk A o M R
Y] i e B 4 B 7 i N i R
222 BZEFTHRBRUEDERELELALEFE . FE
MR B A A A A Ry & Al ad MG T (R
D) KB TR SRR P AR K A 5 BB T R

iR E TG, 5 Bk &5 S R A R R K g A
PR B GO OC 5 1 301 DU SO0 RE K B 5 PR ik 4 S8 R
B TR | BUBR R LR B O AR O, 5 K 2 R ]
RCR B AR OC s B - B 2508 UM AR K 48 5 Rk o 4
BRI LR SR R RCR B R OGS LRk
SERE AL IR OG5 B 5P - B 2R N R IR K 5 R
PRES R TR G, 5 L IR | bk R L A A
IR 3 F %A 2 TE A 56 5 B ZE I R -k 1 AE K i S
LISVSAE 38R J0is LY/ Ties ISV 9@ i D
ROREIEM S, AT 0L, T 7% 5 1 30 - B3 0 A B 2500
WSO FE K X R TR kS AR B2
J- WS AR SRR K Xt K o R R 2 S E AR
x3 HHEERETIRESEWN

Table 3 Potato yield composition under no-tillage and mulching

treatment
LRIRZE 21 L Mg/ B/
g mm - -
Aot YH FR/g (kg B Y (kgehm ?)
NB  5.640.38c 9246.53a 0.51+0.02¢ 25 697.8+137.32¢

2014 NI 8.940.52a 92+7.38a 0.82£0.07a 40 781.0£88.51a
ND  6.7£0.43b  89+6.82a 0.60+0.03b 29 752.4£106.03b
CK  6.640.35b  82£5.79¢  0.54£0.01c 26 864.7152.34¢
NB  5.7£0.37b  47+43.47¢  0.27£0.01b 13 550.9£103.47b
2015 N  6.2£0.43a 50+3.88b 0.31£0.02a 15 464.7£85.05a
ND  5.840.27b  54£4.32a 0.31£0.0la 15 686.2£79.26b
4743.68c  0.2940.02c 14 690.4£63.75¢
NB  2.8£0.09b 66+4.22c 0.19+0.01b 9 329.7£89.22¢
N 3.240.26b  86£5.93a 0.28£0.01a 13 902.9£76.47h
8043.89b  0.3140.02a 15 716.3+64.38a
614+4.31b  0.1840.01b 9 171.4+43.21c¢

2016

CK  3.040.22b
2.3 SHEBEENEAKF BRI
A5 Ak LA T R ORI FTSCRAE AR R R KA LA NT Ak
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PR ND AR 22, 85 CK 23 90 i 4 5 51.80% il
10.75 %% 5 P 7K AF FIAR 7K AR 17 L ND Ab # 5 . NJ 4 3
W2 F33E CK 43 5 b 35 46 = 36.14 26 Fl 26,3320, NB
WY CK 22 57 A 3 (R 5), 24K R &%
FEAE XS AR K AR DL NJ Ak B8 85 85, ND Ab Bk 2, 8 CK
A3 S HR RS 51.79 % F1 10.75 %6 5 111 S AK AR R A 7K AR
BILLND &b B NJ AR HR 2 L 8 CK 43 ) 35 4
F35.14% F1 25.63% ,NB 4b Bl 5 CK 2 5 A 8 %,
7K 43 ) B3R A AH X A 7K AR DL NT 4 B 5 i, 38 CK
B 50.52 %6, Hofl Ab B A 25 R B3 P K AR AN
MK AR DL ND Ab 3 5 NJ b Bk 2, P 3% CK
Iy B PR 21,61 % M 14.50% ,NB 46 5 CK J&
WS, UL PG N T A G Ak A T I 4R
e K 43 ) R R RN 2K ORI 38503 S DA 6 A 7K 4R
R I K Rl K AR IR 2 S K AR A X ALK

R4 EEMREMBEAESIRESERMMEREXIHN

Table 4  Correlation analysis between water consumption, yield,
and yield composition factors of potatoes during the

growth stages

Hp M Hbk ) KA
EEHE o | L B .

R Jii i [ e
BRI —0.861  —0.911  —0.964°  —0.972°  —0.656
HH-E 0.168 0.190 0.168 0.147 —0.726
- 0.088  —0.349  —0.104  —0.136 —0.636
RS —0.095 0.291 0.076 0.107 0.669
i K-k 8 0.189 0.314 0.280 0.305 0.890

Hew % x RIFRR p<<0.05,p<<0.01,
RS5 GRHEBEZLETHEAKMARRE

Table 5  Precipitation utilization status under no-tillage and
mulching treatment kg/(hm? « mm)
Bl R K AR KA
WliREs FIRI % WE
NB 90.6845.61c 64.84£5.33¢ 89.25+6.40b
2014 NJ 143.9047.25a 102.90+8.94a 134.05+8.79a
ND 104.98+6.79b 75.0845.24b 90.0045.27b
CK 94.7946.33¢ 67.79£4.96¢ 89.06+6.59b
NB 40,85+3.26b 29.25+1.38h 36.8642.51b
2015 NJ 46.62+2.88a 33.3942.61a 39.8343.04a
ND 47.2913.94a 33.86£3.07a 41,00%2.61a
CK 44,29+2.67h 31.7242.50h 39.2143.03b
NB 37.56%3.11c 25.28+1.79¢ 35.244+1.97¢
5016 NJ 55.9744.29b 37.68£3.05b 50.28+3.28b
ND 63.2744.33a 42.5942.85a 54.714+4.21a
CK 36.9242.63c 24.85+1.77c 39.4942.77c

3 it g
3.1 RHEBEETIEEKIM
EABFE ) B K IR 3 00 Bk 7 o5 B AT AE 4 hn +

oKy o T G BE AN B S A S 1 N R A AL 5 OB RUR
SFUHBETTAE S B B S RS AT I8 FRS G AR 2R 0~
200 em = K POIR 2 BE T R K o3 R AR
O BORAE K RE ST . ARWTTE K B, e bk 4 6 A ) 2 o 41
R E R 0~200 cm R RIR I R EE K E .
5 PR VRS0 e R OB A B s O A O DRI PR BR AR
TEFPHTAS AT A v X - A 4 30, (] i BT o
T AT AT A7 8 PR DR 30T 3 R A7 20008 A 7 2 UK 0 %
Je i G Bk 7 X W 3 8 T B KRk
REREAR . AR A BIF 5 A B, B IR 30 ) B 2 55 i
TSGR A S E K R AN A R KRR B
U JEHAE FOK AR B B KRR et . ABFIER DL R
IR 5 AN () A R 25 T 84 o O PR S0 b 3 K A,
G 7T o Ak P AT B e AR RS AR K AR PR R 8
e g K A SRR R A AT A HERT R RSP K AR A K
SRR IR s ok i, B TR RE A IR EAL
o M G O P G A A K AR R K R R ROR B
Gt T A DR 400 2 S A A T AR — E R B b R
KTy TCRAE S WM T S L (R e, Sk s 5 AT AT
S S EE K BE S0 s I G B B i T A R R AL
f1Y - SR 15 L R AR AR

FHOCHWFFE " F W], PR PRUT R AT AN [ B A 445 it 149 T
o7 4 9 IR W 2 B L R AR O B R IR
SERIT TR L AN [ B ACAE D ) PR P R B AR R T
Ve F B A KW LR e . A5 T 5 AN 4R
173 o 3% 25 G Bk Ak BRI S 0/ TR B A TR A R ) i K
AR ARSI G B S A T A 2K AR ARG 7K AR
R PRI 9Y 39 3 K B3R e v G I i i B A A AR X
FiliZK AR e o IR AT BE 2 S B X - HE B = I Bl B
JN B T i A T K D B AR 0 T RE S AR OK
WEAR K 73 26 S o il £ HEOK 0 A7 i T TR 2 L35 v
38 0 SR K RE 1 L [l Bk R U TR 4 22 2 o
FEFTBE R K 7> T IR)Z L g mp , JU AR X i K 5 />
AR RCR AN g 5 WFTE R B e BB
REAT AL GBI 2 3 65 FT 24 BE 10828 3 8 TR A 5 3
IR KR T SRR SR AT T L R o R AT B
s WANG 26 05T e W] IR IR 301 S B/ TR A e 0 45
BEB S ESPHEAE B A L, BE BRI E £
KAEFIY] 0~200 em - JZ HHERKE AL T R AT
EOYRCR TGS . ABETEAE R R, S B 5 A [ B i b
BHASS SRR H i m DR B AT 0~200 cm 12
e R KA DA PR 5 M Ak A AR X A K A
KRR VA B 55 75 T Ak PR AR AH XA 7K 4R 2R
TR P RAR FRSG KR A A i I R K RO fed
JEI PR AT RE J2: G BF AE i3 - S TE F 1 L B RE FE 48 IR TR
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HRE KO T 7 S b SRR A T AU M 2 AR 3, D
D L EICROK 5y 75 K BRI S BF 45 G 7 A i e 4
BRI B RE ), AT 4 i R E KR

PAAEAIF G0 e B L 7 2 M T S R e A
W] K o IR A B R, JF 2 AR K % U A
O b 55 A AT AL B R OK A AE KETHT 0~100 em,
SEOKAEAKETEE 120~180 ecm A K G H] 0~40 cm
TR IR E R AU RV, P S5 A A
BT AH XA K AR B B S OCHE AR F ] 100~140 em
JKAE 40~100 em A7k 4 0~40 A1 100~160 cm + )2+
HEE KRR AR A, e AR i b Ak 3L X6 S 7K AR FA K A
180~200 cm )2 TR E KB Feft . H R AT GE & AH
XA ZKAE RS 7K AR 2 3K 2 AR /K 43 3 BRTE IR )2
s S BEAT T MR RE 6% ek 2 b e PRI R ) K
TeRRAE K [, BB 3t 58 H 4 2 25 A RfL B 4 1, A
FI T R B, o S HIK B 7 L 42 1 T 247 20K
55 5 EBEARK KR E #F R, B S H K 4R AL
R E, WAMESFFEHH P ZE L 5 2=
U NITE R R N S W [T R 1
O, BEVE A S A K e 02 i S R XK A i R L R
WG, SRS AR K E R T 35, o — 223
K S IHFE . 7R T K AR A R OKAE By B K
B R K RS BT . AW R e B 5
FEAF AT R S 48 B A6 & T AR K & 35 A= B 5 )
FEIK £, 7K A ARG 7K AF FE 7K B Ry . G D PR 2 e B 45
GHEEREFEY A FI AR S IAE S W
MRS Do R A R R AR BN R AL Bk
Yo B 7 i G A Ak B AT 5 R AR D A S A KT B B
Fok &, BEERmAERDEMBAEKE ., A5
SRR, S0 B 7 5 B Ak LA R X A K AR TS K AR AR
B AT SO KA A SRR K R e, X BE AL R AE S
TRAE FIURG 7K 45 A B HT 3 AR X A K AR 2R B W
S RFRS FF B W AE 3 a WF ST W) A B 01 RF K 4E 4
BN e HRE K AT AR AW A KA, R
5] 7% A AR 28 10 28 A e fE AP 55 Al A
RO 3B oy 7 A T B e T B R R A
AEFTEW MEZEE FED SR ENEB N, R
HE SR A KA FE K AR
3.2 BEMBEETEREESYMN

WEFE 1 SR PR B 1 i 2 T R R X
ER S P A B 2R PR B R L e SR
PATE S5 R AT X AT 4 S 4% 8™ i, - K AR Rl R K A A
TRAN A A RO BT s AR ROK AR 5y 4% 35 77 1 DU o #F
TR R A B 7= i A g 5 S a0 IR 9 R I L R A B

T /N2 R FF T S K A AR B B AR k4
INFE AR T AR R A /N 22 AR OB EIOR TR L A2
e . ARHEIE R IR K AR RS K AE DL S b
5 i S Ak P T P A R G A K AR DL G B T
ol A Ak 555 SR e S W T b B TR A Ak BT
R AR SR TR AR R, s A E
TR P i A A R I K A R Z R
R v B R R (I R AIE L ST B A A L A O e 2K
R LG =
3.3 BHEBEETKSFI AT

55 95 5 VB9 & B, G0 Bk O6 RS FF BE £ A
it R AR AT 7K 43 R FR 5% T VR A B 26 G R RE 4R K
AR R KA K 43 R R T R4 W58 R L B K
AR TR & /INAE K 43 ) R R i L EL S b/ e R/
TR b B AE T 520 2 K AR RUK o0 B AR A, 5
TG WFERE LL L X0 Bk 7 55 A FF Ach B AT 48 w8 6 K /)N
22 K43 R AR R K R R 3% GEBRAE 40 1)t
FHLE 14,07 %A 10,67 %, AMFI R, G E
5 il T A AR A K AF S B 5 b ST K A RA 7K
AE K 3 R FHRCRR AR R KR R0 R0 A B 0 I K R
ORI . 98 FR A R R U A K AR A AR R K B A D
Yo BF R 35 5 T RE I /> R K Ay 1 ZE B, AT g R R AR
WK o R RN R K R ARG L B K o il R 3
R AT 7K AT R 2K AT G B BB 20 %t = 398 14 4 3, B ARk
Gy FE K kst R A E IG5 IT K BE A7 L R AT 5
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A INITE 31 @V & S
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