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Synergistic effect of no-tillage or sub-soiling tillage with straw mulching
increasing soil carbon, nitrogen and water storage and potato yield
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Abstract: [ Objective ] We studied the effects of tillage methods combined with straw mulching on soil carbon,
nitrogen and water storage to provide technical and theoretical support for water-saving potato production in

southern Ningxia. [ Methods ] A field experiment was conducted from 2014 to 2016 in Guyuan City, Ningxia.
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There were six treatments, including no-tillage with and without straw mulching (NS, NN), sub-soiling tillage
with and without straw mulching (SS, SN), and traditional tillage with and without straw mulching (CS, CN).
The organic carbon and total nitrogen (TN) in 0-20 ¢cm and 20—40 cm soil layer were determined at maturing
stage of potato in 2016. Soil samples were collected at 0-200 cm deep every 20 cm to determine the water
storage before sowing and the key growth stages of potato. The potato plants were sampled at whole growing
stages to investigate aboveground biomass (AB), while potato yield was investigated at harvest. [ Results ]
Compared with no straw mulching in the three tillage methods, straw mulching (P<0.05) increased soil total C
and N content and water storage. SS treatment had higher soil C and N than CN (29.9% and 24.7%) in the 0-20
cm layer; NS recorded the highest soil C and N in the 20-40 cm layer. Before sowing potatoes, the highest soil
water storage in 2014 and 2015 was recorded in NS and SS, respectively. SS (P<0.05) increased the potato's
mean soil water storage at key growth stages by 21.6% and 26.0% in 2014 and 2016, respectively. Similarly, NS
increased mean soil water storage by 17.2% in 2015. According to the logistic growth equation simulation, the
potato's rapid growth stage was the earliest in SS treatment. The maximum accumulation rate of potato biomass
was higher in NS in 2014 and SS in 2015 and 2016. NS treatment recorded the highest potato yield in 2014, with
an increase of 51.8% over CN. Similarly, SS had the highest yield in 2015 and 2016, increased by 36.7% and
87.5% over CN. Annual precipitation, tillage method, and straw mulching were highly significant on soil water
storage, potato aboveground biomass and yield. Straw mulching (P<0.05) affected soil C and N contents. Potato
yield was (P<0.05) positively correlated with soil C, and potato yield had a significantly positive relationship with
soil N, water storage and potato biomass. We found a (P<0.05) correlation among soil C, N, and water storage.

[ Conclusions ] Combining the three tillage methods with straw mulching increases the soil carbon and
nitrogen contents in the 0—40 cm layer and water storage in the 0—200 cm layer throughout the potato growing
period, promoting the accumulation of aboveground biomass and potato yield. Applying straw mulching to the
subsoiling increases soil C and N in the 0-20 cm layer, rapidly enhances the growth stages and fosters optimum
biomass accumulation in dry years. No-tillage with straw mulching treatment had the highest yield in the first
year but was lower than the range recorded under subsoiling with straw mulching and conventional tillage with
straw mulching. Therefore, comprehensively considering the synergistic effect of soil carbon, nitrogen, water
storage and crop yield, the application of straw mulching to no-tillage and sub-soiling are recommended for the
potato production in southern Ningxia.

Key words: no-tillage; subsoiling; straw mulching; soil carbon and nitrogen; soil water storage; potato yield
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Table 1 Practices for each experimental treatment

AbBE Treatment HLAA 77 Practice details {45 Code
SRS LR BORTE , ABHE, T ERFETSE % NS
No tillage with straw mulching After potato harvest, no tillage and the soil was mulched directly with maize straw
SRR A 5 I AR HEITHHE, A A AT NN

No tillage without straw mulching
DN A

Sub-soiling with straw mulching

Bl T

No-tillage, and no maize straw mulching throughout the experiment

THER WO A5 VRHT, [MIFRURAA L, [WIRE40 cm, HYUE30 cm, SRR FHEKAHFF SS

After potato harvest and before frozen, subsoiling to 30 cm deep with the interval of

40 cm, then mulching with maize straw

AN AE
Sub-soiling without straw mulching
TSR AT

Traditional tillage with straw mulching

BHEJT LRSS, TR

Tillage was the same as SS, no maize straw mulching
YEIOHR S ERZERT, AT, BE& 1R, BIFH020 cmi®, ERFEFIALE CS
After potato harvest and before frozen, ploughing (20 cm deep) and harrowing the soil,

SN

SRR

then mulching with maize straw

HHEITERICS, NE SRS

Traditional tillage without straw mulching Tillage was the same as CS, but no straw mulching of the soil

CN
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0—20 cm + )2, 7EAHFIPHEEHEIEE T, NS,
SS I CS 4bH &4 HLAK N4 &7 /24 8 3 i TR FF
AR, AP SR 18.1%. 22.2%
H125.6%, A& NEERR 16.7%. 26.3%
21.0%. 20—40 cm + )2, NS, SS il CS AbH + A
Bl 7 12t 43 00 LU [RI R VR it N AS 7 5 A0 31 I 354
530.0%. 7.2% 1 43.4%, SR SRSNEERS
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1 FEISLIE 0—20 #120—40 cm T ETEFHHRR LR E
Fig.1 Total soil organic carbon and total nitrogen in 0-20 and 20-40 cm soil layers under different treatments
TE: AR 2013 5 80E, HMloh 2016 4F4di s NS—RPFRGAT B i b B NN—RBF RS AT A B i A B s SS—IRANFS AT BE 2 Ab 2 5
SN—HINFER A B AL I s CS—EMHERS AT B S A B s CN— R RHHERSAT AN B Sa b . EORIRNG 58 3R Al — R A B R 7R

0.05 KRB,

Note: The basic value was in 2013, and the others were in 2016. NS—No-tillage with straw mulching treatment; NN—No-tillage without straw

mulching treatment; SS—Sub-soiling tillage with straw mulching treatment; SN—Sub-soiling tillage without straw mulching treatment;

CS—Traditional tillage with straw mulching treatment; CN—Traditional tillage without straw mulching treatment. Different small letters above the

bars indicate significant difference among treatments of the same layer at the 0.05 level.
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R IEEOK R (R 2). WA, TEARRIBHES
PR T, 2014 4F (T 54F) NS SS I CS Ab3i -3
F K RS FFASTE S A0 P 5 25 4R 6.4% . 4.8%
H16.3%, 2015 4F (F/KAE) 73 B &4 m 7.7%. 9.3%
F19.0%, 2016 4 (T-54F) 40l 885 25.1%. 31.1%
M124.2%, JOREFFE BT 2014 4F HEE KDL SN
AFRE R, 2015 F12016 AFH4 0L NN Ab R . 25
FrAAb 3, 2014 4F 1 E K& DL NS 4 B AUR B
£, % CN AbFEE 1T 6.4%, 2015 F12016 4F +
HEEIKEHLL SS A PR e, 3 CN AbBR 451 8
RN 11.4% 1 29.6%.

LB AT KB B, A 403 0—200 cm
HEE KRR TR, A FBHEE IR T, 2014
4F NS, SS Fl CS Ab#i45 A & W 3 K &0 51 LS
FEANEE 25 A0 R4 1 42 157 14.6% . 18.0% Fl1 15.9%,

2015 4E 430 134 i 4 5 14.9% . 10.4% Fil 11.8%,
2016 4FE43 034 i 4 8 22.4% . 23.9% F1 21.65%.
TCREFFE ), T RAE MR KR R A B I %
KEHLL SN A & . LA AL, 2014 445
AE W KR DL SS A PR Ry, F
CN Lh B i 2580 21.6%; 2015 4E45 4 I 3 E K
DL NS A HACR b, I ON AR & 5
17.2%; 2016 “EERAFHI LA NS AbH 4 3 2K U i
U, 5 CN ALBR I E RN 26.4%, HRZEIE R A K
IV SS AFRHCRIRAS, P55 CN ALFHRLI E 3G 28.3%,
THEA B T 1) SS AR FRAS CON AbFH + 39 5 K H 4
N 26.0%. AIUL, AS[FEBHESS G RS 5 2 AR
LESIONYI T I

23 HMEAEHRHEENSREM EMEYER
by =0

PLRECH 5, FIH] Logistic A SR K I fExS &

#z2 TRENEDSHERMALCEESTH 0—200 cm L EEKE (mm)

Table 2 Soil water storage (0-200 cm) in sowing and key growth period of potato under different treatments

AEA)y Year KbFH Treatment &P Sowing 7 Budding 22 il Tuber initiation HRZEZ K Tuber expansion
2014 NS 506.6 a 380.6 b 363.3b 3443 b
NN 476.0 b 345.6d 303.3d 300.8d
SS 504.4 a 431.8a 3829a 360.9 a
SN 48140 368.2 ¢ 3258 ¢ 302.3d
CS 506.1a 4264 a 363.4b 330.2¢
CN 476.2b 364.0 c 299.8 d 302.8d
2015 NS 556.6 a 469.4 a 3814 a 357.7a
NN 516.6 b 413.9d 326.8¢ 311.1¢
SS 557.6a 467.0a 3699 b 3449b
SN 5103 b 430.1¢ 3283 ¢ 3122¢
CS 5459 a 445.0b 3703 b 338.0b
CN 500.6 b 3989e¢ 325.6¢ 307.1¢
2016 NS 500.7 a 441.5a 41240 375.5b
NN 400.3 ¢ 354.2 cd 330.6 ¢ 319.6¢
SS 505.4 a 425.0b 4373 a 396.0 a
SN 385.5d 3613 ¢ 334.1¢c 320.0c
CS 48430 41790 4069 b 389.8a
CN 389.9d 349.3d 330.2¢ 3189c¢c

TE: NS—A BT A2, NN— AT A BSR40 SS—IRMAREFI A TRAL 2L ; SN—IRIMFSAT A SRAL L CS— Lot ERAT
ALBE; CN—EGERHERFT AR B [RIFVEUR G AR R/ING TR R AL BEIFIFE0.05 /K 22 5 3

Note: NS—No-tillage with straw mulching treatment; NN—No-tillage without straw mulching treatment; SS—Sub-soiling tillage with straw
mulching treatment; SN—Sub-soiling tillage without straw mulching treatment; CS—Traditional tillage with straw mulching treatment;
CN—Traditional tillage without straw mulching treatment. Values followed by different lowercase letters in the same column indicate significant
difference among treatments at the 0.05 level.
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Table 3 Parameters and eigenvalues of above-ground biomass accumulation model of potato under different treatments

G s W4 250 Parameter . s KRR {E Eigenvalue at rapid growth period
Year  Treatment K (t/hm?) a b : T, (d) T, (d) T, (d) AT (d) Vioas [t/(hm?-d)]
2014 NS 124.9 306.6 0.08 0.93 56.5 90.3 73.4 33.8 2.44
NN 100.1 1207.8 0.09 0.95 62.8 91.5 77.1 28.9 2.30
SS 121.3 291.3 0.08 0.94 55.9 89.6 72.8 339 2.36
SN 95.6 699.1 0.09 0.94 57.5 86.5 72.0 30.6 2.18
CS 112.1 452.9 0.08 0.90 58.5 90.6 74.6 32.1 2.30
CN 78.3 559.9 0.09 0.91 58.3 88.9 73.6 28.6 1.68
2015 NS 89.1 1342.7 0.09 0.98 66.9 96.8 81.9 29.9 1.96
NN 75.9 26141.4 0.12 0.92 75.0 97.4 86.2 22.3 2.24
SS 99.2 2646.4 0.10 0.95 66.3 92.9 79.6 26.6 2.46
SN 80.7 4317.8 0.10 0.92 71.3 97.9 84.6 26.6 2.00
CS 87.2 2736.0 0.09 0.98 70.2 98.2 84.2 28.0 2.05
CN 67.8 81667.3 0.13 0.99 76.3 96.4 86.3 20.1 2.22
2016 NS 91.8 3342 0.08 0.99 56.9 89.1 72.7 33.9 1.84
NN 68.8 4254 0.08 0.94 60.0 933 76.6 323 1.36
SS 89.9 406.4 0.09 0.94 52.1 81.4 66.8 352 2.02
SN 74.5 315.2 0.08 0.93 59.2 94.3 76.7 29.1 1.40
CS 79.0 563.9 0.09 0.98 57.0 87.0 72.0 29.9 1.74
CN 57.5 1100.0 0.10 0.90 58.6 85.8 72.2 27.2 1.39

T NS—HAFEFF ARG AL B, NN—OLHF RS FEABIREAL T SS—IRIAREFT IR AL B, SN—IRIMFEFFANBIEAL B CS— B GeBHER AT 3T 2
AbBE; CN—EEBHER A RN B, T— PRI TP ORI AT— P IR T ] 5 T— e PR 4 i BT[] 5
Voo IR BT, R—FANT I TR 3t AR A=Y A IR

Note: NS—No-tillage with straw mulching treatment; NN—No-tillage without straw mulching treatment; SS—Sub-soiling tillage with straw
mulching treatment; SN—Sub-soiling tillage without straw mulching treatment; CS—Traditional tillage with straw mulching treatment;
CN—Traditional tillage without straw mulching treatment.7,—Earlier rapid growth phase; 7,—Late rapid growth stage; AT—Rapid growth duration;
T,—Time for rapist growing point appear; Vmax—Maximum accumulation rate at rapid growing point; R*—Fit goodness between unit time and
aboveground biomass.
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2.4, 10.0 1 6.5 K, Pk KHFFLLWILE 2015 4F (F
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AE (T 54F) F1 2016 4F (T 54F) LI SS ab A,
A CN ALBRA» HIFEK: 3.3 A1 8.1 K, e Kk BAH A
2014 4ELL NS Ab PR, B CN IR 45.2%,
2015 12016 4E¥ L SS bR =y, % CN b5
L 15.3% F1 45.3%,

SRR T RS AF R S AL A L, 2014

4E NS, SS I CS AbHP I R FF L 43 i 14 5.1,
5.0 fil 1.5 K, R BBHESHIHES 6.1%. 8.3%
F136.9%; 2015 4E NS 1 CS ZbH-He s 3 K Hr 223 7
WIEEK 7.6 F1 7.9 K, SS AbF I K B EREH
23.0%; 2016 4E NS, SS il CS AbFE e 1 K Frak i
REER 1.6, 6.2 F1 2.8 K; ek BEIHUR 1R
7 35.3%., 44.3% 1 25.2%, JCRSFFE R, D4
it FIRAEY L 3 AR K BRBRELL LA SN Ak
B o PO R P Y Rk B HURTE 2014
2015 4ELL NN kbBER i, 2016 4ELL SN AbBEAR K .
24 HEGEERHEBEENSREFENEI
LR 3 AR [R) R R FT 7 25 Ab 38 5 4% 25 at
M zs 3 (B 2) s, #SARHF D421 2014
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Fig. 2 Potato yield under different treatments

T NS— SRS FF 8L 36 A B s NN— G B RS A RS B 5 b
SS—IRMFEAT B s A B ; SN—IRARFEAT AN B Sa 4L L CS—1& 4t
PHERAT B AL HE; ON—IREBHERAT A BLEAL I, A A
R [A]— AL FRRITE 0.05 K122 5% B3

Note: NS—No-tillage with straw mulching treatment; NN—No-tillage
without straw mulching treatment; SS—Sub-soiling tillage with straw
mulching treatment; SN—Sub-soiling tillage without straw mulching
treatment; CS—Traditional tillage with straw mulching treatment;
CN—Traditional tillage without straw mulching treatment. Different
lowercase letters above the bars indicate significant difference among
treatments in the same year at the 0.05 level.

i (TRAF) ik, 2015 4F CF/KAR) IRz, 2016 4F
(T54F) fefif. TR AR, 2014 AR ThE 2
DL NS b B AR, # CN Kb i 25 45 51.8%, 2015
12016 FEFBILL SS Ab B fR R, 43S CN AR B 35

HE1 36.7% F1 87.5%

FEM F VRS BEPE T, 2014 4- NS, SS Al
CS Ab 3 h 5% = 10 o3 3l LU RS AT AN 78 25 A0 B 4 25 4 v
58.7%. 43.2% F136.6%, 2015 4E43 ] B & 427
14.1% . 27.3% 1 10.8%, 2016 4435 i 35 45 25
49.0%. 49.2% H1 19.6%., JoTsFF 3 55 i Th 4% 2 = i
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F4 RBFMN. MERZENBTESN DREAMDRESENYE S
Table 4 ANOVA on the effects of experimental year, tillage method, and straw mulching on soil fertility and potato yield

[l Factor ﬁtgﬁ/ﬂ:ﬁj\ (E) ﬁ-]—ﬁfjff( (M TR (M) ExT ExM T>M ExTxM
Experimental year Tillage method Straw mulching

X 81.15™ 2341.90™ 79.76™
X, 0.08ns 215.28" 0.88n
X, 915.16™ 10.29* 1260.48™ 2.61m 199.10™ 1.78m 3.33"
X, 1017.08™ 76.52"" 3200.92™ 99.80™ 62.40™ 2,130 25.78™
X; 917.29™ 139.50™ 8698.71"" 48.11°" 289.78" 5.69™ 26417
X 225.73™ 15.14™ 1611.00" 10.28™ 58.66™ 8.94™ 11.26™
X 226.19 30.68™ 284.61" 2.84" 9.82" 2.36m 3.45°
Xs 7969.374™ 1601.499™ 9976.06™ 94.25™ 171.935™ 46.408™ 177.637"
X, 3367.76™ 358.29™ 4537.41™ 41.85™ 67.08" 4.71* 42.26™
Y 3546.57" 52.21™ 876.87"" 15.45™ 198.89™ 19.33™ 6.90™

o X ~XA 5 0—40 e+ 2 P MM &R Xo~X S0 MG D S8Rl . BLAF . P UMLK H10—200 cm+ 2 E K H
Xo~XOr R E . PEEE OMBCE R SN DA S i A i Y— S5 5., *—P<0.05; **—P<0.01; ns— W3,

Note: X,—X, were the organic carbon and total N in 0—40 cm soil layer; X;—X, were the water storage in 0-200 cm soil layer at sowing, budding, tuber

formation and tuber expansion stage of potato; X,—X, were the aboveground biomass of potato at the budding, tuber formation and tuber expansion

stage; Y—Potato yield. *—P<0.05; **—P<0.01; ns—No significant effect.
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Table 5 Correlation analysis of soil organic carbon, total nitrogen, water storage, and potato biomass and yield

F545 Index X, X, X, X, X X, X, X, X,
X, 0.986™
X, 0.948™ 0.984™
X, 0.929™ 0.973" 0.974™
X 0.928™ 0.975™ 0.988™ 0.996"
X, 0.916" 0.968™ 0.993™ 0.985™ 0.996™
X; 0.895" 0.931" 0.932™ 0.958"™ 0.959™ 0.948"™
X 0.869" 0.901" 0.912° 0.932™ 0.937™ 0.929™ 0.988™
X, 0.928™ 0.956™ 0.962™ 0.965™ 0.972™ 0.967" 0.987™ 0.988™
Y 0.856" 0.920™ 0.946™ 0.969™ 0.975™ 0.973™ 0.982™ 0.963™ 0.969™

T X~ X BRSO I0—40 em 1 2P TIRAHUBFI 22 X~ XM DR ERRR . 33T . S BRI E IS H0—200 em )2 4
FEEKE S X~ XM R R . S E RN S s B IR Y34 AP R, *—P<0.05; **—P<0.01; ns—L

RARE.

Note: X,—X, were the average soil organic carbon and total N in 0—40 cm soil layer at harvest; X;—X, were the soil water storage in 0-200 cm layer at

the sowing, budding, tuber formation and tuber expansion stage of potato; X;—X, were the aboveground biomass of potato at the budding, tuber

formation and tuber expansion stage; Y—Average potato yield for 3 years. *—P<0.05; **—P<0.01; ns—No significant effect.
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