o 33 4 3 0 FE MR R LR Vol.33 No.3
2015 4F 5 A Agricultural Research in the Arid Areas May 2015

X EH S :1000-7601(2015)03-0171-06 doi: 10.7606/] . issn. 1000-7601.2015.03.28

KEHFRIPEHENEL SRR TIERS
MIEM ==/ 220y

BoRR RO, ERR, AR T RKER A E Al

(L HR A K IR S R4 BE, HON 2290 7300705 2. Hol 48 T A SR MLt [l 5B i 923, Hol =20 730070)

W OE: ARKPECRE, AR T ELHRESEREE AR (T) A S R A 0 A8 + AT
T % (NTS) A4k (NT) & S #h1E + B AT IR | (TS) S 1E + B % (TP) fn % 34 + M B 2 (NTP) xf 2% # 4L
R EBFRASUNRAENFEEN S, EREW, B 6a FRBIEHEG, S LIEAN CNO; - N LAKAEK P4
E%ﬁﬁ)ﬁmm,ﬁ‘#ﬁﬁhc/\ R R T 4.92% ~ 18.05% ,NO; - N 2 B4R & T 17.98% ~31.08% , # %

ERE 143.04% ~212.87% . SHBELEAFHAEEHNFH T M, L P UL NS fn TS g f /N, N 2.75% 0

6.26% . 6 a |f]/NF An g F 3 75 & DL NTS % & (440 % 2 030 kg-hm ™27 1 381 kg+hm™2), i1 NT #& 1% (1 608
kg hm=2F1 1 060 kg-hm™2), FABAERT L HES LIBEHER RS B BERL TR HERE S H L F
RRFERNAE BRI TEERINBERE. DU EE LA RERERE LA EAEEZR AR TEY
FENRE LUTUREHRELERS,

EEEE: e RAES HERS LR B ELER

RESES: S157.472;9512.172  CEMREM: A

Long-term effects of tillage system on soil nutrients and
grain yields in rainfed area of Loess Plateau

LUO Zhu-zhu'?, CAI Li-qun'*?, LI Ling-ling®, NIU Yi-ning®, ZHANG Ren-zhi*, XIE Jun-hong®
(1. College of Resources and Environmental Sciences , Gansu Agricultural University , Lanzhou, Gansu 730070, China;
2. Gansu Provincial Key Laboratory of Arid Land Crop Science, Gansu Agricultural University , Lanzhou, Gansu 730070, China)

Abstract: This study determined the long-term effects of tillage systems on soil nutrients and crop productivity in a
semiarid environment. A long-term field study was initiated at Dingxi, the western Loess Plateau of China, in 2001.
Field pea ( Pisum sativum L.) in rotation with spring wheat ( Triticum aestivum L.) were grown under six tillage sys-
tems : conventional tillage (T), conventional tillage with stubble incorporating (TS), no-till with no stubble retention
(NT), no-till with stubble retention (NTS), conventional tillage with plastic film mulching (TP), and no-till with plas-
tic mulching (NTP) . The results showed that, compared with the pretreatment, six tillage systems increased soil organic
carbon by 4.92% ~ 18.05% , available N by 17.98% ~ 31.08% , available P by 143.04% ~ 212.87% . However,
compared with the pretreatment, six tillage systems decreased available K by 2.75% and 6.26% under NTS and TS, re-
spectively. The average grain yields in a six-years term were highest under NTS with stubble retention for both spring
wheat and field pea(2 030 vs. 1 381 kghm~2), and lowest under NT without stubble retention for both spring wheat
and field pea(1 608 vs. 1 060 kg*hm~2). Conventional tillage with stubble incorporating could improve soil fertility,
but this practice could not increase grain yield. The plastic mulch could increase grain yield in some seasons, but this
practice could not sustainably improve soil fertility. Therefore, no-till with stubble retention is the most promising system
for increasing grain yield and improving the sustainable development of agriculture in the semiarid Northwest China.

Keywords: no till; stubble retention; plastic film mulching; soil nutrients; grain yields; Loess Plateau
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Fig.1 Monthly and average rainfall during 2001—2007 at the experiment site
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INFERAL B N 105 kg* hm ™2, P,05 105 kg* hm ™2
(JRZF + ) ; Wi G 45 A B it N 20 kg hm ™2 P05
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HEAEFH Rh T [ At A
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Descriptions of treatments in the long-term conservation tillage experiment

BHETT % Description

IREGHAERTAEWCR G =FEHE . 8 ARG D BEFTE8 1 kBkE, 8 ARA 9 H4rill i 755 2.3
YHHE , BHRIKCHN 20 em, 10 em 15 emo 9 055 3 RBHEHE 1 1K, 10 A ARG5S FRHE 1 K X

The field was ploughed 3 times and harrowed twice after harvesting. The first plough was in August immediately
after harvesting, and the second and third ploughs were in late August and September, respectively. The
plough depths were 20 ¢cm, 10 cm and 5 cm, respectively. The field would be harrowed after last cultivation in
September and re-harrowed in October before the ground was frozen. This was the typical conventional tillage

The field was ploughed and harrowed exactly as the T treatment (3 passes of plough and 2 harrows), but with
straw incorporated at the first plough. All the straws from the previous crop would be sent back to the original

FERD R B 75 A NT, WORBORL S H A R VR RS A B S AR 5N X
No-till throughout the life of the experiment. The ground was covered with straw from the previous crop from
August till next March. All the straw from previous crop would be sent back to the original plot immediately af-

IX I HBERE R AL B L (ZHFPIRE) (EAE 10 H e 1 UG 3 B2 SRR BE (2B I5E) o JE9E 40 om, JBE
DY, DA BEAE ) SEAEA TR, 5247 40 em, 84T 10 em, -2 25 em,

The field was ploughed and harrowed exactly as for T treatment (3 passes of plough and 2 harrows), but cov-
ered with plastic after the last harrow in October. Plastic film would be laid out between crop rows and the cov-
ering belt width was 40 em. Thus, the row spaces between crops were 40 and 10 cm alternatively, with an av-

SRR, B S RERR B I A7 3R TP, BRI B byl G AR AT IR, Wi

Table 1
1% Code AL Treatments
RGBT S P X AR TR A SR T
Conventional
T .
tillage
with no straw
practice in Dingxi region.
L A BHE A F IS B DL Yt 52 A R Fh.
NT No till with . . .
No-till throughout the life of the experiment; no straw cover
no straw cover
‘ ‘ By SR T ARAESE & — RN AR i
(LGB + B FEIE I B D7 2R T, ABAESS A5 — KB R PA RS A B
TS Conventional tillage
with straw incorporated plot immediately after threshing and then incorporated into ground.
Gl + REFFE
NTS No-till with
straw cover ter threshing.
TG + R 5
TP Conventional tillage
with plastic mulch
erage of 25 cm.
Tt + MR A5 BT RO BT S B AR AE
NTP No-till with

plastic mulch

No-till throughout the life of the experiment. The plastic film would be laid in October using the same machine
as the treatment 5. To avoid the damage of plastic film, the crop residue would be mowed or/and harrowed af-

ter harvesting.
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AT [ SIS % AR T R RS (2 5 432 LA 45 DU
FEIEMER . A PR SR A% R A1 A in #A
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Fig.2  Dynamic changes of soil organic carbon in the

layer of O ~ 30 cm under different tillage systems
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Fig.3 Dynamic changes of soil available nitrogen in the

layer of 0 ~ 30 em under different tillage systems
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layer of O ~ 30 cm under different tillage systems
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7R 2029.64 kgrhm ™2, Fb T NT. TS TP NTP 25
T 18.10% .26.21% .13.15% .2.34% .2.38% , %}
FHiE,2002 42003 4= H1 2007 4FIILL NTS 7= 2
/&, TS I NT 42415 ;2004 4 TP fi¢ &5 , NT #fi% ;2005 4
12006 4F- LA NTP #l TP 7= 855 5, NTS IR Z . 2007
AELLNTS fefm, NTP IRZ. Geit iR B T

2004 F1 2005 4F-Z Ak, HAR A 25 Ab PR 22 R 1 35 3|
WEIKF-. 6 a i) NTS Ab3IHE v F- 35 77 54 1381.49
kg hm™2, tb T.NT, TS, TP, NTP & T 20.25% .
30.33% .15.83% .8.82% .10.39% . HIt, e #tfsFT
B NTS — s 00 T #Fn] LLR = /N 22 i &2 7
i, MR KA T AR 3 7 SR U 2

R2 FEMERETENTE/ (kg hm?)
Table 2 Grain yields under different tillage systems

fEY Crop A Year T NT TS NTS TP NTP

2002 1816.05b 1413.50¢ 1735.75b 2150.67a 1385.39¢ 1258.42¢
2003 1416.05d 1544.73d 1645.75¢d 1825.48b 2033.07ab 2139.88a
#’J% 2004 2188.94b 1664. 10c 2162.09h 2381.99a 2625.36a 2170.90b
SVf;:lg 2005 2900.22b 3076.55ab 2987.52b 3327.09ab 3277.31ab 3578.38a
2006 1383.48bc 1316.51¢ 1564.79 ¢ 1548 . 74bc 1777 .15ab 1820.66a
2007 561.53¢ 633.47be 666.30bc 943.87a 731.79b 926.44a

2002 1652.82ab 1416.28¢ 1526.77he 1789.72a 1614..00ab 1528.72be
2003 881.35he 803. 15¢ 823.07c 1269.47a 1061.77b 1022.31b
Big 2004 1708.21a 1495.58a 1681.25a 1667.59a 1761.66a 1511.93a
Field Pea 2005 1686.46b 1816.20ab 1911.06ab 2119.33a 1980.09ab 2148.07a
2006 758.55bc 551.72¢ 871.94ab 890.21ab 1019.53ab 1049.07a

2007 205.59¢d 276.86bc 341.86b 552.61a 179.87d 248.72¢d

T [ —47 B ARVNG PR A —4F A R AR BRI 1E 5% KF 1225 B

Note: Different letters in the same row represents significant difference at P <0.05 between treatments in same year.
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