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Effects of Tillage with Mulching during Fallow Period on Physiological
Ecology in Seedling Stage and Yield of Potato in Dry-farming Areas

HOU Xianging LI Rong MA Fei WANG Quanwang
(School of Agriculture, Ningxia University, Yinchuan 750021, China)

Abstract; According to the characteristics of seasonal drought happened in order to solve the potato
drought resistance problem such as green shoots, seedling drought, after the autumn crop harvest in
dry-farming areas of Southern Ningxia during 2013—2015, a field experiment was conducted to study the
different tillage with mulching measures on soil water conservation effect during the fallow period, soil
water and temperature, growth and physiological characteristic during the seedling stage of potato, and
tuber yield and components. The treatments comprised three tillage systems in the main plots, i. e.,
no-tillage, subsoiling and plowing tillage, and three mulching methods in the subplots, i. e. , plastic-film
mulch, straw mulch and no mulch, which were in a replicated split plot design. The results showed that
among the tillage systems, the polythene film and straw mulch significantly influenced the soil water and
temperature status storage, the leaf protective enzyme activity was decreased, potato seedling growth was
promoted, and tuber yield was increased. Meanwhile, the significant differences were found in the
interaction of tillage and mulching. In the late terminal fallow period, among the same tillage methods,
the mean soil water storages (0 ~200 cm) in the polythene film and straw mulch plots were significantly
increased by 5. 1% and 7. 3% , respectively, compared with no mulching plot. The soil water storage was
significantly 10. 5% and 9.2% higher during potato seedling growth in the polythene film and straw
mulch treatments than that of the no mulching treatment. Among the same tillage methods, the polythene

film mulch significantly increased the mean topsoil (0 ~25 ¢cm) temperature by 1. 9°C , whereas the straw
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mulch significantly reduced the soil temperature by 3.4°C during emergence. Meanwhile, the film and

straw mulch were more effective at increasing the emergence, plant height and biomass accumulation at

potato seedling stage, compared with NM. Among all the treatment combinations, the highest mean

potato tuber yields and commodity rates were obtained under the case of subsoiling in combination with

straw mulch, which were significantly higher by 40. 0% and 14.9% than that of conventional tillage in

combination with no mulch. Therefore, in consideration of climatic and environmental feasibility, the

subsoiling combined with straw mulch was a more favorable farming practice for drought resistance in

seedlings and for increasing potato production, and it had a great potential to be adopted in the dry-

farming areas of southern Ningxia.

Key words: potato; tillage with mulching; fallow period; soil water and temperature; seedling growth;

protective enzymes
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Tab.1 Effects of tillage with mulching practices on soil water storage at 0 ~200 cm layer during fallow period
2013—2014 4 2014—2015 4f
P i PR PR 4 39 3 K it/ mm PR PR 4 5 K B/ mm
I it BEIRBRS % FEIRBAS %
wI ER ] w1 A
PM (512.40 £5.20)*  (54.92 £0.55)" (465.2 £2.99)"  (523.98 £3.31)"  (44.69 +1.06)"
SM (506.08 £5.98)"  (49.32+0.46)"  (485.98+6.06)"  (556.59 +4.84)"  (53.700.72)"
NT NM 450.40 (476.00 +4.48)" (22.67 £0.82)"  (471.48 +3.62)™  (516.56 +5.53)" (34.28 £1.63)°
S (498.16 £4.79)"  (42.30£1.91)%  (474.23 24.40)"  (530.71 £2.36)"  (42.96 +5.07)"
PM (520.35£7.92)*  (61.96 £1.70)"  (467.92 +4.62)"  (524.07 +6.39)"  (42.69 £1.50)"
- SM (504.40 +4.24)"  (47.83 £0.76)"  (485.24 +2.78)"  (557.57 +2.47)"  (55.01 +0.84)"
ST NM 430.40 (481.40 £6.14)°  (27.46 £0.81)°  (469.14 +2.15)"  (510.26 +3.70)°  (31.27 +1.26)"
Ty (502.05 +1.25)* (45.75 =1.44)* (474.10 £1.11)%  (530.63 £2.79)* (42.99 £2.12)*
PM (512.32 £4.68)"  (54.84 £0.24)"  (464.68 £3.08)"  (518.07 +4.74)"  (40.85+0.85)"
SM (506.57 £2.48)"  (49.75+1.53)"  (481.48 £3.25)"  (545.94 +4.82)"  (48.77 +1.14)"
r NM 450.40 (476.20 £2.04)" (22.85+£0.92)" (457.96 £6.39)"  (500.64 +5.17)¢ (32.46 £1.59)"
S (498.36 +2.50)"  (42.48 £0.79)"  (468.04 +5.56)"  (519.88 +2.93)®  (39.35+5.60)"
HEE 1.54 1.54 1.45 10.76 2.33
F s 286.43 " 286.43 ™ 134.59 " 700.27 ** 678.99 ™
PE x 2.26 2.26 4.81" 3.28* 3.34"
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Fig. 1 Effects of tillage with mulching practices on soil water and temperature
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29.3% . 2014 AEAREBEAETT T MR POD 5 i K
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POD {5 P4 24 {EL . 2% P AIK 38. 7% o BFAE 7 2 BT o
R LA S — 3 S HAR A MDA 5 B A 5

FEARFFEAE T 0T, NM &b B 45 - 3 MDA 55 2 i
K, HR J& PM AL B, SM 4k 38 85 /), SM L PM 4b L #5¢
NM 4b 37 2 MDA 5 5 73 5] B 2 FE AL 18. 4% F
8.6% . JCIeAFh A w54 it , 2014 4F MDA % il K 3|
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Tab.2 Physiological ecology characteristics of tillage with mulching patterns at potato seedling period

i e [ CAT 35 1/ POD i £/ MDA & i/ i %/ b5 /em EX /v
VEN 5 it (U-(grmin) ') (U-(g'min) ") (pmol-g™") % (g™
PM (674.55 £0.98)" (76.78 £1.45)"  (9.54 £0.07)" (80.07 £2.15)" (18.34 £0.25)* (7.55£0.13)°
SM (620.82 £2.59)° (68.37+1.90)° (7.69 £0.16)° (87.13 £1.51)* (18.69 £0.50)* (7.27 0.09)"
Nt NM (692.18 £1.84)"* (80.38 =1.12)" (10.38 £0.13)" (74.93 +1.21)° (15.1920.40)" (5.09 £0.04)"
Sy (662.52 £2.53)" (75.17 +4.30)®  (9.20+0.28)" (80.71 +1.62)" (17.41 £0.38)" (6.64 +0.08)"
PM (599.19 £0.86)" (82.97 £2.76)% (9.54+0.07)" (84.11 £1.54)* (16.07 £0.50)> (8.45£0.09)"
SM (558.44 £1.93)¢ (65.26+1.48)" (8.2620.07)° (84.37+1.68)" (17.88+0.31)" (7.8420.08)"
ST NM (659.49 £3.14)" (83.28 +0.77)* (11.28 £0.19)* (72.57 +2.17)" (13.68 £0.45)° (5.69 +0.10)°
2014 1y (605.71 £4.37)% (77.17 £1.87)% (9.69 £0.38)" (80.35+1.80)" (15.88 £0.42)% (7.33 £0.09)*
PM (644.42 £1.76)" (81.84 1.61)" (10.43 20.18)" (79.40 £2.85)" (16.60 £0.46)* (7.56 =0.12)"
SM (645.12 £2.47)" (73.22+2.35)¢  (8.99+0.13)° (84.50 +1.87)" (14.38 £0.40)" (6.24 +0.20)"
et NM (711.62 £0.94)" (86.40 £2.53)* (11.40 £0.23)* (70.20 £2.04)° (13.00£0.60)° (5.16 £0.65)°
-1 (667.06 £5.41)" (80.48 £2.99)* (10.27 £0.36)" (78.03 £2.25)" (14.66 £0.49)¢ (6.32+0.32)¢
HHE 12.24° 16.01 * 10.16* 2.99 110. 35 * 183.34 ™
F i 439.57* 110. 77 ** 424,30 139.53 * 116.27 * 245,13 "
BHE < Bl 406. 12" 6.98 " 17.22* 4.49* 14.16 5.70**
PM (555.53 £1.14)" (49.35£1.02)" (8.63+0.18)" (99.13 +1.58)" (14.66 £0.45)" (5.97 £0.16)"
SM (556.41 £1.88)" (48.72+1.86)" (8.38+0.52)" (95.33+0.95)> (13.13 £0.61)" (6.37 +£0.06)*
NT NM (693.92 £2.52)% (54.43 £1.74)° (9.43 +0.18)* (84.40 £1.95)¢ (12.12£0.35)¢ (3.85+0.18)°
-1y (601.95 £3.35)" (50.83 +4.84)" (8.81 £0.31)*® (92.95+1.49)% (13.30+0.47)" (5.40+0.14)"
PM (530.40 £1.74)" (35.60 £0.93)> (7.99 +£0.14)" (100 £2.06)"  (13.31£0.20)" (5.68 +0.08)"
] SM (489.06 £4.06)°¢ (27.52+3.05)¢ (7.280.15)° (95.53+0.90)" (13.1920.40 )* (5.00%0.13)"
ST NM (579.19 £2.47)* (51.72=1.70)* (8.75+0.10)* (88.57 £1.82)° (12.13 £0.42 )" (3.5520.07)°
2015 S (532.88 £0.98)C (38.28 +4.44)% (8.010.16)" (94.70 £1.59)* (12.88 £0.34)® (4.74+0.09)"
PM (620.09 +1.68)" (47.08 +2.42)" (9.25+0.07)" (94.50 £2.10)* (14.28 +0.50)* (3.85+0.09)"
) SM (621.40 £1.03)" (41.64 £1.67)° (8.82+0.07)" (90.57 £1.91)" (13.50 £0.30)" (4.45 £0.07)°
et NM (770.59 £1.91)* (64.91 £1.53)*  (9.33+0.07)* (83.63 +1.12)° (12.21 £0.56)° (2.89 +0.13)°
1y (670.69 £1.62)" (51.21 £0.83)" (9.13+0.06)" (89.57 +1.71)¢ (13.33 £0.45)" (3.73+0.09)°
B e 89. 08 ** 35.10 62. 44 44.04 15.16 75.82 "
F s 218.00 ** 62.92 10. 48 ** 258.38 92.67* 392.81*
HHE x B i 38.79 % 10. 89 ** 12,13 3.47* 5.64 24, 87"

P von Eh A T R R I AR RO B SR AR

AR RFE R . AEPAR TS TR R — B A

RAMBRE R B RE R, (£ 2015 4F B4 %
4 A A, A% Ak B R SR O AR B AR R, R
B R R T 2014 4E (3R 2) o 2014 4 NP
B O R (7 HES ARNENEF 3 X (]
B A TAT FI AR B B R AT AR B 22 5. 2015
AR BEE D7 X B R I S S A R S

J5 2T PM SM b3 24 B 4 S B ORI B = T
NM Ab 3 13.3% F1 13.2% , {EFTAH R FE4 A,
PIAE Oy 4% 37 X B R DL ST x PM b 3 I &
(92.2% ) ,NT x SM 4bFRYR 2 (91.2% ) ,1fii CT x NM
Rb PR AR (76.9% ) ,ST x PM NT x SM ZhFi#; CT x
NM Kb B - 34 By 44 585 1 i 38 030 1 3 32 & 19. 9% FiI



573

BEVETE AF RIS B S X S 4% W A AR S 5 R IR I 269

18.6% o B AF 7 35 185 il P 915 4% S 0 4 K 4%
AL BE SR BE I S8 i S T AE KR B F
FEWAE WG 2 S R PRV S B S B N
LA MR R AE Y R (3R 2) AFAEIR 3 5
M, 2014 4EHEE Jr 2 T B S 2 5% i ) 4% S A
1, 0 2015 AF A RIBEAE 5 X0kt 4% 225 1 103 bk e 1) 52
M) 5 58 25 K OF o W AR AE T A AL BLZH G b, CT x NM
Ab BT 1h 4% - M bk = B IR, i ST x PMUNT x PM
A 3R A A R VR R A . PRAR BRI O X
Tl i 4 it B 3 5 AR RN Ih % S AR W Y
FALBSERYETE Y SO GRS i (W W N R E ok )
Jiti T 5% SV O 38 A2 i B R BRI R SMLPM
NM,PM SM 4b B & NM gb 3 5 By ) 4% 52 1 4 & 4y
i AR R 41, 8% F1 49. 0% ; [a]— B w5 15 7t T A TR
FEE T 20T 38 S 48 S AR i NT A0 3R ST 4b 2 AH
T, CT AR 43 ) il 35 4 w8 19. 8% 1 20. 1% , 1%

JiA B AL AL A o, - 34 Oy SR Y iDL ST x PM
Ab B 5, CT x NM AL H A%, 3% /2 i F ST x PM 4b
A T A% S R R i, R T T R B
PEHEEFT . SR, CT x NM Ab 3 4% 2 1 6 441K,
FE TR AR A P
2.4 AEAMEBEENEESREFrEREMNE

E:-0p-A )

o2 3 A HRE O 3 R i e R
VE R YT 0 3 0 A 48 S 0 7 A B (B R 4
BRI R ), BE R R SR
o TV R 55 R b L 2014 AR [ Bk A O U0
B SRR 2 SR T LR P R A R )
1M 2015 4F ] — 2 35 15 it A [RUPRVE 7 200 4% 3
7R R R AR B o R R O 2R O 2 bk A
LR KB MEIK K NT ST CT, A [6] 3 35 15 7t T
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Tab.3 Yield and yield components of potato under different tillage with mulching practices

o HHE s Ly £ HE TR/ LR /i ivd PR/ [ETGE -
Jrk T it (A% g (kg ") (kg-hm ~?) %

PM (6.7+0.2)" (89 £5)° (0.60 £0.01)" (29752.4 £834.2)" (91.09 £0.80)*°
SM (8.9£0.1)" (92+1)° (0.820.01)° (40781.0 £1029.0)* (89.41 +0.82)"
N NM (5.6£0.1)° (92 +4)° (0.51 £0.01)¢ (25697.8 +616.5) " (85.69 +1.30)°
Sy (7.1 +0.1)* (91 £3)°" (0.65 +0.01)" (32077.1 +823.3) "8 (88.73 £0.11)°"
PM (7.4 +0.2)° (87 £7)° (0.65+0.02)" (32276.0 +1803.6)" (89.10 £1.06)°
SM (6.30.1)° (123 £7)° (0.77 £0.02)*° (38515.0 £1647.1)* (93.42+1.05)"
ST NM (6.7+0.1)° (80 +2)° (0.54 £0.01)° (26899. 8 +1205.7)° (90.63 +0.38)"
2014 S (6.8+0.3)" (97 +4) P (0.66 £0.01)* (32563.6 +749.8)" (91.05 £0.82)*
PM (5.1£0.1)¢ (115 £1)*° (0.59£0.01)" (29333.3 +802.9)" (92.22 £0.73)"
SM (6.9£0.2)" (106 £1)° (0.73 £0.01)* (36679. 6 +1050.5)* (90.44 +0.90)"
r NM (6.6+0.1)" (82£3)° (0.54 £0.01)° (26864.7 +804.3) ¢ (82.76 +1.28)°
-1 (6.2+0.1)" (101 £1)* (0.62 £0.00)" (30959.2 +380.9) " (88.47 +0.86)"

HHE 11.84" 9.48 " 6.68 " 4.83 33.19*

F s 39.55* 92.33** 727.66 " 266.92 " 95.42 "

HHE > B 57.55* 55.73 17.95** 6.00 ** 37.51*
PM (5.8+0.2)°" (54 £1)° (0.31 £0.00)* (15686.2 +95.7)" (79.77 £1.22)*
SM (6.2£0.0)" (50 1)" (0.31£0.00)* (15464.7 +117.2)" (76.79 0.36)"
N NM (5.7+0.1)" (47 =1)° (0.27 £0.00)" (13550.9 £59.9)°" (70.17 £1.94)°
Ty (5.9+0.0)* (50 +1)°¢ (0.30 £0.02)° (14900.6 +232.1)¢ (75.58 £1.16) "
PM (5.2+0.0)" (68 +1)*° (0.35£0.00)" (17746.9 £207.2)" (85.82+0.62)"
] SM (6.520.1)" (62 1) (0.40 £0.00)*° (20076. 6 +86.8) " (83.91+1.17)"
ST NM (5.0+0.0)° (63 £1)" (0.32£0.00) ¢ (15773.2 +262.8) ¢ (70.02 +1.43)"
2015 -1 (5.6 +0.0)" (64 £1)* (0.36 £0.03)" (17865.6 +1080.7) " (79.92 £0.67)*
PM (5.5+0.3)" (62 +3)° (0.34 £0.00)" (16981.1 +86.8)" (75.21 £2.04)"
, SM (5.020.0)° (65+0)" (0.33£0.00)" (16278.6 +250.1)" (80.61 +1.96)"
et NM (6.2£0.0)° (47 £1)° (0.29 £0.00) (14690. 4 +304.3) ¢ (73.23 £1.07)°
Sy (5.6+0.0)" (58 +2)°" (0.32+0.03)" (15967.3 +922.7)" (76.35 £0.38) "

e 35.54* 42.96 ** 59.95** 33.21* 19.33 "

F s 19. 00 ** 171.26 ** 313.40 115.34 122.55*

HEE x B 5 80. 56 ** 69.16 ** 44,18 ** 16.76 ** 20.37
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