R EARLRRE  2019,52(12):2042-2055

Scientia Agricultura Sinica

TIEHMERANEHERE. IREIGER AN EB R
vEF L BIL, BAAK, R W, B8, #a KiEL

T g A Ml K2 AR 2 B AT AR VA ) G5 o /48 B S s AN 2 KA 2 B R TR S S 3, K 4500025 2 9 g 49 A MU B ARHE S 3
FBM 450002

HE: [EN]4NEETRERER -—FHALGTEARTLHTEY LY RENREFIA, HEE
HALEMERARURBGINZYERE, RAREGTE. [FE]12016—2018 F3E 4 2 4, EF A H AT F
EEE AT RE R, RAMA KA R, WEs. £, BE3SNERLAEMELME 8 ML, 28 AR
B H+iEH (DT+RT; DT: 30 cm, RT: 15cm) . JREH+FE (DT+H) . REH+GEH+4E (DT+RT+C) . B HH+
FE+HE (DT+H+C) o A& #F (RT) . AEHH+E (RT+H) . GE#H+HE (RT+C) . AE#+E+8E (RT+H+C) . X{/N
R Ry EREHATHEE, FERLH. ZREM. K¥H. WA, ELH. BAMSREBTREAELIT,
R BRI N AR BORJE AN B R A R B R ST R AT, [ER]Y AEEME 204, F
FEEMEABAYERELZREE. M EEEFES TREAN, TRBHELEESE. XX kEs
Faeth., M. HEREZAET, L HERBIEN 1. 0%—5.7% HEH. ##EHELET, EEFH G R
184 0.06%—8. 3% EEFEEMAME, MO WAKE. Wi, RTAEEE. WMENZTKERS, BETHH S5
cm, MBAHEEEHM, THELEHFELEOGRRAENHEIL “B-K-H-K" R MAAY, DT+H+C LHE K&
ERAHARTY, HEMEAERE, GRHEE. RAEML, REBHAREG. EHRKERYE EEY X
BlRA, DT+H+C L& &, HEREMEDSA N 45.2 45 40.24%; GRALEML, LLEE, EHAERY
BRmmgn14.8%, 5REEAEMY, AELEE, BHRRERBE RS 12.2%. )5 5—10d, DT+H+C
Ao RT+HH+C LW R E R FE M KB E R E T THMAIE, )5 20 d X B, Hop DT+H+C AL H AT R K
HREHEMATER 1. 0%—19.4%, ABFEAT. EXMFLTRE, E4EF 0—15 d, DT+H+C LI KK,
DT+RT LM K & 18, )5 25—30d, DT+HI+C A BT R ERE, & RT LR F 20. 8%, MF B LEHEH AR
HhR"ERAWEERGDHRE, DT+I+C LB F S B RS, HEELEGECEREY. BT
REWTAFANE, FRTFEHFERES, BEH 1.4%—12.2%. Z5XE T H, 5 YHUEMIES K RT
Af tb, RT+H. RT+H+C. RT+C. DT+H+C. DT+H AL2E fr /5 3 45 34 % T RT A2, ot DT+H+C AL B ™ A B 3 8 1 i &
FAETH W RT g 12. 3%, (4] H#RTERER S —FRAGNLHGT, FEEHEEART WY E R
B, RHAR TR ENESERS, MARMNAN THEERRGGEHOERS, hElE, A4 REY
Bl REHEHEME, AFRETL, RARERBEGE M URMERZENNRE, FEPHHT
HEE, BELREBRALEKLKT. AR RERAER. REMRATEXLE, ARANEERER
DT+H+C 4L 22 43 H{E AT L Al By 2 8.

KR R BEAHMESOR; MERE, EHRRERYC REES; BREE BRESE

Impacts of Soil Tillage Techniques on Seedling Quality, Root
Function and Grain Weight in Wheat

SHEN GuanYu', YANG XiWen', ZHOU SuMei', MEI JingJing', CHEN Xu', PENG HongYang',
JIANG Xiang®, HE DeXian'

doi: 10.3864/j.issn.0578-1752.2019.12.003

et B
EEWA-:
BEAN:

2019-01-10; #Z HHEA: 2019-03-18
[ 5T T A TR R R B TR I (2018YFD0300701)
HE 5%, E-mail: shenguanyu0@163.com. f5/E# %, E-mail: jiangxiang84@126.com. Wf5/E# 5%, E-mail: hedexian@126.com



12 ) HUE 555 SRR N TR . MR T RE AR L IR 2043

(‘College of Agronomy, Henan Agricultural University/Collaborative Innovation Center of Henan Grain Crops/State Key Laboratory
of Wheat and Maize Crop Science, Zhengzhou 450002; *Henan Extension Station for Agricultural Techniques,
Zhengzhou 450002)

Abstract: [Objective]l In view of the prominent problem that corn straw to the field seriously affects the quality of wheat
(Triticum aestivum L.) seedlings under the condition of double cropping per year of Huang-Huai Plain, appropriate soil tillage
techniques were explored to improve quality of wheat seedlings and ultimately to increase wheat yield. [Method] The experiment
was carried out at Huanggang village, Xindian town, Xinzheng city, Henan province for 2 consecutive years (from 2016 to 2018).
By using a randomized block design, 8 treatments were carried out by combining three factors of plowing, harrow and compacting:
deep depth tillage + rotary tillage (DT + RT; DT: 30 cm, RT: 15 c¢m), deep tillage + harrow (DT + H), deep depth tillage + rotary
tillage + compacting (DT + RT + C), rotary tillage (RT), rotary tillage + harrow (RT + H), rotary tillage + compacting (RT + C), and
rotary tillage + harrow +compacting (RT + H + C). Emergence rate and seedling quality of wheat were investigated, root
characteristics were investigated during wintering stage, re-growing stage, jointing stage, heading stage, grain filling stage, dough
stage, and grain characters, yield and its components were analyzed during the filling period, respectively. [Result]20 days sowing,
quality of seedlings in different soil tillage treatments was significantly different. In rotary tillage treatments, emergence uniformity
was higher than that in deep tillage treatments, while in deep tillage method, seedling emergence rate, basic seedlings and plant
height were higher than those in rotary tillage method. Under the same plowing and compacting, emergence rate in harrow
treatment emergence was 1.0%-5.7%; Under the same plowing and harrow, emergence rate in compacting treatment emergence was
0.06%-8.3%. At the same time, after deep depth tillage, seedling deficiency and wedging were rarely seen. Cumulative length of
seedling deficiency and wedging under RT treatment was the highest, and the average length of the two years was 55 cm. From the
wintering to dough stage, root activity in different soil tillage treatments showed a "high-low-high-low" trend, and it was the
highest in treatment “DT + H + C”. In wintering and at jointing stage, root activity was increased after treated with compacting and
harrow compared with that in treatments with neither compacting nor harrow. Secondary roots per plant reached the maximum in
DT + H + C treatment at heading stage with the highest values were 45.2 and 40.2 in 2017 and 2018, respectively. After treated
with harrow, secondary roots per plant were increased by 14.8% compared with those in treatments without harrow. After
compacted treatment, secondary roots per plant were increased by 12.2% compared with those in treatments without compacting.
Grain filling rate in DT + H + C treatment was significantly higher than that under other treatments during 5-10 days after anthesis,
and reached its peak at 20 days after anthesis. Grain filling rate of DT + H + C treatment was higher than that under other
treatments, while grain filling rate in DT + H + C treatment was higher than that under other treatments, and grain filling rate under
DT + H + C treatment was 19.4% higher than that under other treatments (0=0.05). During grain filling stage, 1000-grain weight
increased the most at 0-15 days after anthesis; Under DT + H + C treatments, it was increased the most; Under DT + RT treatments,
it was increased the least; under DT + H + C treatments, it increased the most at 25-30 days after anthesis, which was 20.8% higher
than that when treated by RT. According to the effects of different tillage techniques on grain yield and its components, the highest
grain yield was obtained under DT + H + C treatment. Ears per unit area, kernels per ear and 1000-grain weight were not regular
under harrow milling and repressing treatment, and grain yield increased obviously, with a range of 1.4%—12.2%. Economic
benefits, in RT + H, RT+ H+ C, RT + C, DT + H+ C, or DT + H treatment were all higher than those in RT treatment compared
with the previous farming methods in the local area. Among them, the highest economic benefits was produced under DT + H + C
treatment, and the two-year average was 12.3% higher than that under RT treatment [ Conclusion] Under the current condition of
two cropping systems in the Huang-Huai plain, different soil tillage techniques affected seedling quality, rotation tillage was
beneficial to uniformity of seedling emergence, while deep tillage was beneficial to increasing seedling emergence rate, seedling
evenness and plant height, laying a foundation for the formation of strong seedlings before wintering. The deep tillage deepened
soil surface layer, which was beneficial to rooting, increased secondary roots and root activity in soil surface layer, and indirectly
affected grain yield. Considering root system growth, grain filling rate, grain weight formation and yield performance, it was
concluded that DT + H + C soil tillage technique was the best choice in Huang-Huai area.
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HEAT, 2016—2018 “FEFEF & 73 A4 583.3. 642.1,
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AW BEFRATERHEA, 2 2 HPHEZ /T T
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IR TP AGRA ] 3 IERE IRy MR 18.64 gkg',
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10 A 13 H B3 N A% R, 35 165 kg'hm™,
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12 3

HUE 555 SRR N TR . MR T RE AR L IR

2045

FEANMCFIBENLE A 6 m?, A IR, BRAT BN
KJE/NTF 10 em LU BRI IER (00, 10—17 cm L1
HEREC A 1AL, 17 em DL ECHTTE W ZE 10 1 AL,
AR BRGR T W 2B RE BB SR, JL 3 ik
i,

1.3.2 BHRRERBEAEREENE 5 TEBE
W2 AdaED  REM 2 AAD L R 3
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S = ey . 456 R AR E R AT,
1 8 BAARERME A I A AR A , TN VK&t Bl 526 =2,
KSR TTC EME MR RT T .
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S 91.65%F1 86.35%, RT AL 1 &A%, 2 4F
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Table 1 Effects of different soil tillage techniques on wheat emergence

POSE] 2016-2017 2017-2018
Treatment . N L . . N L .
BRETAL LR ESnN HITES AL LR En HITES
Seedling Dis- Total length of missing  Emergence rate Seedling Dis- Total length of missing Emergence rate
missing  continuous seedlings and (%) missing continuous seedlings and (%)
oW discontinuous row (cm) oW discontinuous row (cm)
RT+H 1 0 15 71.7 0 1 31 87.2
RT+H+C 0 0 0 78.7 1 0 35 94.0
RT+C 1 0 16 71.7 0 1 26 85.7
RT 2 2 78 77.0 0 1 32 86.3
DT+RT 0 0 0 79.1 0 2 25 90.7
DT+RT+C 1 0 14 78.2 1 1 42 89.9
DT+H+C 0 0 0 87.8 0 0 0 95.5
DT+H 2 1 53 81.2 1 2 65 88.1
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Table 2 Variation of basic seedling number of wheat under different soil tillage techniques

Ab B 2016-2017 2017-2018
Treatment e — v e bt — v o
FEARHTHL N AR FEATTHL N R AR
Number of seedling Standard CV (%) Number of seedling Standard CV (%)
(x10*hm™?) deviation (x10*hm?) deviation

RT+H 307.52ab 4.93 4.46 438.91b 0.82 0.52

RT+H+C 311.13ab 7.21 6.44 472.25a 7.04 4.13

RT+C 307.52ab 11.15 10.08 430.58b 1.25 0.8

RT 304.74b 451 4.11 433.36b 5.31 3.4

DT+RT 321.41ab 8.14 7.04 455.58ab 4.03 2.45

DT+RT+C 309.18ab 5.51 4.95 452.80ab 3.74 2.3

DT+H+C 347.24a 9.54 7.63 480.58a 2.16 1.25

DT+H 313.07ab 8.02 7.12 444 .47b 6.85 429

NEGFRERIRAE 5% LI ER BEME. TR

Small letters among different treatments within each column are significantly different at 0.05 level. The same as below

#3 FRLFEHERAT MEHERSHTN

Table 3  Variation of plant height of wheat seedling under different soil tillage techniques

Ab B 20162017 2017-2018

Treatment o o Y= 2 — v .

B btz A A P brifEZE A A
Seedling height (cm) Standard deviation CV (%) Plant height (cm) Standard deviation CV (%)

RT+H 11.46b 0.50 433 10.18bed 0.55 5.43

RT+H+C 10.64¢c 0.52 4.89 10.58b 0.44 4.12

RT+C 10.66¢ 0.45 4.18 11.52a 0.61 5.31

RT 11.50b 0.37 3.25 9.44d 0.52 5.51

DT+RT 11.56b 0.34 2.98 9.96bcd 0.55 5.48

DT+RT+C 11.88b 0.50 4.24 11.44a 0.26 2.25

DT+H+C 12.12b 0.44 3.67 9.74cd 0.30 3.09

DT+H 12.84a 0.36 2.81 10.26bc 0.50 4.84
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Fig. 2 Dynamics of wheat root vigor (improved TTC method) under different soil tillage techniques
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Fig. 3 Effects of different soil tillage techniques on grain filling rate of wheat
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Table 4 Effects of different soil tillage techniques on wheat grain yield and its components

Ty b3 ey TR H THLE FERLP
Year Treatment Spikes per unit soil area (x10*hm™) Grains per spike 1000-grain weight (g) Grain yield (kg~hm’2)
2016-2017 RT+H 543.79a 45.33abc 37.97b 7932.50bc
RT+H+C 533.42ab 42.00c 42.80a 8003.00ab
RT+C 580.85a 42.33bc 39.37ab 7634.50d
RT 468.75¢ 46.00ab 34.87b 7295.00e
DT+RT 492.84bc 45.33abc 36.93b 7230.00e
DT+RT+C 549.35a 48.33a 35.00b 7719.50cd
DT+H+C 544.36a 47.33a 36.83b 8192.00a
DT+H 546.57a 46.67a 36.87b 7662.50d
2017-2018 RT+H 605.77ab 40.53b 36.46b 6156.25bc
RT+H+C 652.62ab 42.87b 38.34b 6257.20b
RT+C 636.41ab 41.07b 34.60c 6013.10cd
RT 594.66b 40.33b 33.02¢ 5487.15¢
DT+RT 600.03ab 39.13b 32.81c¢ 5960.10d
DT+RT+C 627.62ab 42.00b 37.97b 6052.35¢cd
DT+H+C 678.37a 47.60a 44.23a 6501.10a

DT+H 606.51ab 41.27b 36.84b 6042.15¢cd
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Fig. 4 Dynamics of 1000-grain weight of wheat under different soil tillage techniques

DT+H+C A3t =, B 21.6%. 34.8%. LRI
JE G, F TR, ARORL ORI T-h: B It I
PEAAE . DT+H+C ALBFFRL = 5E7E 2 4F 38k f i
e RN J5 TR DUROF R A B R4 T,
FFEHE BUERE T, SR mE Y 1.4%—
12.2%, HFEBF AEET, BRE R TE Y
1.5%—9.6%.

2t 20184 4 A3 HE 7 HMAE GG, @it
2 MR RN, 2017—2018 4E P2 R FEAR, FEARIE
FETE 21.3%—28.9%; TEREMAIE T, PR
WEEER 29.2%, REMPEHHE T R, P28 B
H 25.4%. HULATERM, REPFSESAELE, Beig
TEVR T RAE R AR = B e, I AR DL BB, wf
¥ B PR ERAT. S5 iy T 2 (9
240 kg-hm™®) MLk, 2 FEIRE = B K FHERA T

AP A

2.4 TIEBMERAXMNEZEHZFHEARM
ANFEHEE AR A TR WER 5 . 5

RT 4 ¥AHH, RT+H. RT+H+C. RT+C. DT+H+C.

DT+H AB AP TE 2 il h 4, 2016—

2017 FELWFMEIEINAE 3.4%—9.9%; 2017—2018
TGV S INTE 8.2%—15.6%. H:th DT+RT+C.

DT+RT. RT AFZERA G DT+H+C KL TR
wifc, 5 RT ACFRAHLL, PTS53N
12.3%.

3 g
3.1 RELEHERAS NEHERBHXER

HEIMHG, PR LR, LR
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#5 ARITIFEHHMER A EBEFFUEAFM
Table 5 Effects of different soil tillage techniques on economic benefits of wheat fields (yuan/hm?)

Ay st BURAE ™ A R ZEUF R
Year Treatment Machinery cost Output value Economic benefits
2016-2017 RT+H 975 18721bc 17746bc
RT+H+C 1125 18887ab 17762ab
RT+C 960 18017d 17057d
RT 675 17216e 16541e
DT+RT 1425 17063e 15638¢
DT+RT+C 1650 18218cd 16568cd
DT+H+C 1155 19333a 18178a
DT+H 975 18084d 17109d
2017-2018 RT+H 975 14529bc 13554bc
RT+H+C 1125 14767b 13642b
RT+C 960 14191cd 13231cd
RT 675 12950e 12275¢
DT+RT 1425 14066d 12641d
DT+RT+C 1650 14284cd 12634cd
DT+H+C 1155 15343a 14188a
DT+H 975 14259cd 13284cd

Hen s, FEGHE O EAITR, XL AR R
Wi A, B WIS M. BT
GHLRW, FEFREHATIE T, #FM20d 5, EH %
BHbEErf, . I VRN I LB A
THRIBH; REFFIE H S HEAT AR AL BRI T S B
I, YR e R, (HRE
BEACFRY, AWFTEE R EoR, DT+H+C AH 1
R, JLUOE RTHHAC AREE, REIARGEAG FT
BRI LA S P R SS, ERE AR EA TR
YA, VREBIHES BERTAR LE, vy e 3 /D e i
Wik, M. BURKRILG, R, WS ERES A
P, XSRS SR80, ATl R
HESE LR e A A, DAL, #TUF 48k Al L al,
BE AN, ERER E. RS IR,
DT+H+C 43, A5G m g, US4
A FEPEH M
3.2 AELBHHEEAMNERRF M

INEAE AR RAEY), WRR T IUBE, AR
TR 2 B HEK 220, 8 RT3 4 e st
AN T2 7K AR LA SO IR T2 - 337K 3 iR WOBOR
M b 5 B SRR DL R B R i, 5 3 i oAE & F

e BN HBEERE IS . PIREH, F
A ST, BN 22 AR, Y SRR R P R
TP AR RS T R, BB WA Rk
WA R B E B G AN FBHE 7 208 S %
B R RS, R T RANR S R B R
FRIE 1 SR R TE AR s AR, AR Rk —20
MAE KR EP0, FE, IR P R BoR,
Ji R s B8/ 46 22 0B s S i A 1 338 PR A IE AR
WAL, WEDMAKKRE, PR T REFF
ke m N, XE5ARKEED S, (ERRE N
DA IR A R MR R D 1R 4 SR AT B, 3] g DAL Dk IR A
SEEFRES W, REFTRE H, B RT k455
AT KW (15 5770 /N PUREHEFr AL AR B/ X 58 105
FHb 1—10 36, AR AT, T EE
180 kg, & 2.47 m MEHIE AR, HAFSHFFIE H & Bl
AN AT, P B I S A R R . A
RGOV AR AL . BRI RN, IREIHE S e A
B, HBRVCEREIE N 0.5%—10.1%, WEIHEKE
BRI R AR AT, 7 R A R I R gk TR
ERRRE, W EIRTHRAEREH P, AwfR i,
ENFZEF N, ANF AR RS2SR
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