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Effect of Tillage Practice and Fertilization on Dry Matter
Accumulation and Grain Yield of Summer Maize (Zea Mays L.)
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Abstract: [Objective] Soil tillage practice and fertilization have remarkable influence on crop yield and nitrogen use
efficiency. The objective of this study was to clarify physiological reason for differences of maize yield and nitrogen efficiency by

exploring the effects of the slow release fertilizer on dry matter accumulation and transportation, and characteristics of
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photosynthesis of summer maize under different soil tillages. [Method] A field experiment was conducted at Xinxiang, Henan
province from 2013 to 2014. The experimental design was a split plot. The main plot was three soil tillage management, rototilling
(R), no-tillage (N) and sub-soiling (S), and the subplot was nitrogen application, N 270 kg-hm™ slow release fertilizer treatment
(SRF), and N 270 kg-hm™ conventional compound fertilizer with two applications (CCF) (40% as basal application and 60% at the
beginning of male tetrad stage). [Result] Compared with conventional fertilization and soil tillage practices, the application of slow
release fertilizer and the sub-soiling tillage significantly increased post-silking leaf area (LAI) and photosynthetic rate (P,) of maize.
At maturity, the decrease in LAI for SRF was 7.5% (N), 9.7% (R), and 11.8% (S) lower than those for CCF; the decrease in Pn for
SRF was 7.3% (N), 11.5% (R), and 16.8% (S) lower than those for CCF averaged the two years. The LAI of the slow release
fertilizer under the sub-soiling tillage (S-SRF) increased by 16.0%-47.9%, and the P, increased by 14.5%-52.3% than that of other
treatments. Higher post-silking LAI and P, promoted the post-silking dry matter accumulation rate and duration increased,
eventually increased post-silking dry matter accumulation and its transportation to grain. The averaged dry matter assimilation
post-silking of applying the slow release fertilizer across two years were 1.5%, 21.4% and 24.4% higher, and the averaged dry
matter accumulation post-silking of applying the slow release fertilizer across two years were 11%, 12.2% and 17% higher,
respectively, compared to those in the conventional fertilizer treatment under rototilling, no-tillage, and sub-soiling. The
post-silking dry matter accumulation and assimilation of S-SRF were significantly higher than that in other treatments, increased by
13.4%-28.9% and 17.4%-39.6%, respectively. The post-silking dry matter accumulation and assimilation were the main reason for
yield increase. As a result, the application of slow release fertilizer and the sub-soiling tillage significantly improved the grain yield
of summer maize by increasing 1000-kernel weight and harvest ear numbers, respectively. Among the treatments, the yield of the
slow release fertilizer under the sub-soiling tillage (S-SRF) was 9.2%-23.2% higher than that in other treatments. [ Conclusion] The
sub-soiling tillage improved the spatial distribution of soil nitrogen, and the slow release fertilizer improved the temporal
distribution of soil nitrogen. The integrated sub-soiling and slow release fertilizer improved N supply corresponded to maize critical
growth stages and matched N uptake, which provided an approach for enhancing the nitrogen fertilizer use efficiency and grain
yield in Huang-Huai-Hai plain.

Key words: summer maize; slow-release fertilizer; soil tillage; dry matter accumulation and transportation; grain yield
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Fig. 2 Leaf area index (LAI) of summer maize under different tillage practices and fertilizations
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Fig. 4 Dry matter accumulation of summer maize under different tillage practices and fertilization
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Table 1 Dry matter accumulation stage characteristics of summer maize under different tillage practices and fertilizations

E4y JOSE Witk Y] Early stage RG] Fast stage Z2143] Late stage

Year Treatment BRI BRER RO B RN LR

Duration Accumulate rate Duration Accumulate rate Duration Accumulate rate
(@ (kg'hm™>d™) (@ (kg'hm™>d™) %) (kg'hm™>d™)

2013 973 CCF 4522 83.7d 22.2a 460.6¢ 41.7bc 88.9¢
Rotary tillage SRF 45.9a 85.9bed 223a 494.1b 40.7¢d 98.2b
At CCF 45.4a 84.2¢d 22.7a 454.3¢ 40.8¢cd 91.5¢
No-tillage SRF 46.1a 87.3ab 22.8a 493.4b 40.1d 101.3b
ZeAtr IR CCF 44.8a 86.8abc 21.8a 487.5b 42.4ab 91.0c
Sub-soil tillage SRF 46.5a 90.0a 22.9a 522.0a 43.6a 108.8a

2014 973 CCF 40.7a 83.2bc 37.7a 245.5d 27.5¢ 97.5¢
Rotary tillage SRF 40.7a 86.3ab 38.0a 258.5¢ 27.4¢ 130.3a
YAt CCF 39.9a 82.6¢ 35.5b 250.6¢ 30.6b 103.3d
No-tillage SRF 40.5a 85.8abc 34.0b 288.8b 31.5b 117.5b
et IR CCF 40.4a 85.7abc 28.8¢ 305.4b 36.9a 90.3f
Sub-sol tillage SRF 41.1a $8.0a 29.1¢ 359.8a 35.8a 109.9¢

(R F B4k i AN ) 7 R 7R b R ) 2 508 5% R 7K . TR

Values followed by different letters in a column are significant among the treatments at the 5% level. The same as below
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Table 2 Dry matter translocation from vegetative organ to grain of summer maize under different tillage practices and fertilizations

pisE 2013 2014
Treatment LR B B R pil &S A5 AL B TE RS HAZH pil &S A6 S5 AL B
Translocation — Transportation  Contribution  Post-silking Translocation Transportation Contribution  Post-silking

amount efficiency (%) rate (%) accumulation amount efficiency (%) rate (%) accumulation
(kg'hm™) (kg'hm™?)

29/ CCF 1643.6¢ 20.8¢ 16.6¢ 7628.1c 1079.6d 15.2d 14.1d 7410.2b

Rotarytillage  gpp 238154 25.7b 23.6 7469 3¢ 1784.2b 23.0b 20.9b 7476.9b

Gk CCF 1577.4¢ 19.9¢ 16.7¢ 7541.5¢ 2311.0a 32.3a 25.5a 6057.8¢

No-tillage SRF  1108.3d 13.4d 11.1e 8693.2b 1712.7b 22.5b 19.6b 7721.5b

MR CCF 2219.5b 28.0a 22.1b 7353.8¢ 1391.4¢ 19.1c 17.8¢ 7558.5b

Sub-soiltillage  gpp  1620.6¢ 20.0¢ 15.6d 9280.6a 1039.5d 12.8¢ 11.1e 9267.1a

2.5 TIEHMESHRERARXNNEERTERHEMWHKE
EN:0EA)

HH 3 WA, AFEBHET S, HZRIC AL
TR R R E A T B . 7R el E
EFAHRIAHHE T, 2013 4 SRF Ab# = Lt CCF
AP FIEE R 6.3% 7.5%A1 13.9%, 2014 4 SRF 4b
=R CCF 43 M 9.1%. 12.7%F1 15.2%. AN
BHEIT A LER, 4 IRAARHE N & A B 7= 5 53 )
F i TR ERI b 45 AF T AR AR BE, Ty e A s Bt 2%
PEF AN AL (A 2 AN B . S AabBE, DLA&AT
IRFAT SRF AbBE =5 W2 T AR AR B, 2013 A1
79 10.7%—19.5%, 2014 S48 K 9.2%—23.2%.

R3 TRLBEERFEBR=EMHER

PR AN FE TR AZ AR R Jy A
MR AFEPHET T, SRF AAHE TR H 4 B%
i1 CCF Ab3E . 7RV bk R AN IR AARHE T,
2013 4 SRF AP T-Fi E L CCF AREES) A $E 57 4.1%-
5.4%7%1 9.6%, 2014 4F SRF 4LFT-ki # Lt CCF 43 4%
i 5.0% 7.8%F1 10.1%. AFIFHET L, 4AriE
FARFE R CCF Ml SRF AbEE )T 43 1) 5ok 25 i 1%
FER G A A N AHNARER, TR e bt 45T T %A1
N ARFR 2 7] 25 AN R

FEECZ TR AL B M8 /N , 52 B J7 e ma Aok o
CCF AbFEA SRF AbFRAAE £HHE 7 X T %A B
HES . ARBHET L, S A BHET CCF

Table 3 Grain yield and yield components of summer maize under different tillage practices and fertilization

b5 2013 2014
Treatment A TR 4 TR FEE AL TR 4 THiTE FEE

Ear numbers Kernels 1000-kernel Yield Ear numbers Kernels 1000-kernel Yield

(No./hm?) per ear weight (g) (kg'hm™®) (No./hm?) per ear weight (g) (kg'hm™)

e CCF 6.02ab 571.0a 270.4¢ 9271.7d 5.56b 588.4a 265.6¢ 8489.8d
Rotary tillage  gpp 6.08a 576.2a 281.5¢d 9851.7b 5.58b 593.3a 284.1b 9261.1bc
Gk CCF 5.84de 568.3a 275.0de 9118.9¢ 5.53b 586.1a 266.7¢ 8368.8d
No-tillage SRF 5.94be 569.6a 289.8¢ 9801.5b 5.62b 584.5a 287.4b 9434.2b
FAIRIA CCF 5.89cd 571.7a 296.5b 9573.3¢ 5.72a 583.0a 280.3b 8949.9¢
Sub-soil tillage gp 5.82¢ 573.0a 319.6a 10901.2a 5.75a 591.3a 308.4a 10306.6a
A5 5 K5 Source of variation
BEE 72X Tillage (T) 31.043* 7.176ns  50.063* 249.094* 24.051% 20.354* 5.084% 128.386*
JEELK T Fertilizer (F) 3.007ns 5613ns  33.852* 896.552% 2.062ns 9912ns  75.136%* 562.125%*
TxF 0.272ns 1.051ns 2.135ns 67.944%% 0.365ns 0.455ns 4.116* 16.566%*

*ZE2IK 0.05 WK, *ZERIK 0.01 BEAKF; ns, LREHEEER

* represents significant at P<<0.05; ** represents significant at P<<0.01; ns represents non-significant
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SRF AbHR AL 43 ) S 35 o TR e R e 45 N AH Y.
AEFR, TR TE R G A AT R AR N AR B 2 [R] 25 S A
EN

FEORE 052 RN 7 AL B LN, % Ak B]
Z AR ECA A W S 0 2
3 itig

BRI = BRI R 7120, UR it
AR, KRGS = AR T R R, H45
Re— RN ) @27, Jrapsk, R e R
FIFHZE T TG T — 2o R, i UIB it LA AE.
P it AR A RSN, AR, AR AR ERER 2
IR, BEE 035 38 n oK = = Re ik A fp ik — 20
FE PO ZB /PR AL 10 I T B B 3l VR ) 37 90 B T
K, FEEY R, WEEYRRIERE, B
HERLFI RS 50, AR, b AR A B L,
it FH 2 R MR AL B B oK ) = f 35 B o R T IERESR
A, LIERHESREHE O EY E KR B AR
AT O AT E R T AR e bk
TRIEFI S AT IRIA BRI E R, 85 R4 iR A
PR AR PR K 7= 5 0 3w T SRR ERHE, HAE 4
WOHAABHE T, SR = B iE ok, Hoh
PEEE, SRIEFHE N3lRE N B 7 X 5 e 75 =X
R S4B, DLARATIRIA 5 G2 R NIE EL AR b 3 7 i fe
e IFEIEA R 25, il T 2 R L aok 348 o T h 2
ST RS FHVE L 3G ISR AR BOA 2] T 1 n == H
e 2013 F T KIS B mil TR IR, oK
2 5, BORACRAR, (AT AT T KR
R GIE TR A TR, Rk E R W BRI
1M 2014 47 F K TFA T o8 20 91 R 5 U RS 52
FORIER$Ky, HEA R IR R, PRt oK
SRBEC TR E AL, 52013 FFEL =2 FREE.

VEW A& SN T4 0 0 RR B2 7= 5L T R Sl
T RIIKTU 8 T S R R IR IR
AWEFH, SR N AR R K ST PR 2 1 2013 A1
2014 1 W3 T U ARAL B . 534k, R IRAA B
YRR K4 AR B 2 i T e MR e
HAWH SRR HAR BT R R B T
JCAb AR . BFAERI, REFEAEYL T =5 B
TIFAE IR BRI S A =R R, At
5 R AR AN T 3ERE L, SRR RIS IR
FA B AL BRAR TS 22 1 A6 A 14 R R e At 5 1
I, T A TR AR ZR I T R R A e v T

ORI A SR AR Y, HLA R L SRR
G AR BAE I TR R v Tt A B . i)
Jiti P ZERE AN 2 i IR RA BIEA: B L =3 A LSS S 34T
AT IR TYRARER, SRR TR R . it
PR, TR R g TR R AN
FFFSAN KA, AR, FOREF R G
A3 ERENEAL BN H Ut AL A BE T AR R A
FREE W R 225, TR Ja I CORIE I 2238 39D
GERENL AL BT SR SR 4 S vy T R I AL 2
CHFEEMIC B SRR B S TR
I GRS TR RER NS (D Ky
B E] o AR RA BT L5 SRR £ Il 1L 32 i Bk
JE ST TR 3R T AN S TR S B0 A 7 38 T
AR (880

VEPIRERL R T2 SR 2 2 BRI T T AL IR 4%
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