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Effects of combined straw and N application on the physicochemical properties of

lime concretion black soil and crop yields

LI Wei'?, QIAO Yugiang"?, CHEN Huan'?, CAO Chengfu"* ", DU Shizhou'*, ZHAO Zhu"’
1 Crop Research Institute, Anhui Academy of Agricultural Sciences, Hefei 230031, China
2 Anhui Key Laboratory of Quality Improvement of Crops, Hefei 230031, China

Abstract: The effects of a combination of returned straw and different N fertilizer application rates on the physical and
chemical properties of lime concretion black soil and crop yields were systematically studied, based on data from a four year
experiment using a winter wheat-summer maize rotation system in Mengcheng City, Anhui Province, China. The results
showed that the bulk density of surface soil under areas where straw was either incorporated or removed were 1.14—1.20 g/
em’ and 1.24—1.31 g/cm’, respectively. Straw incorporation decreased soil density by 2.5%—9.2% , while soil water
content and water storage increased over the four years by 8.2%—28.5% and 4.1%—19.9% , respectively, after the return
of the straw. The total soil porosity and capillary soil porosity in the areas of returned straw treatments ranged from 3.0%—
57.1% and 33.9%—41.0% , respectively, whilst the same parameters ranged from 50.7%—54.6% and 27.3%—29.5% ,
respectively, under the areas where straw was removed. In contrast, non-capillary porosity decreased by 6.4%—38.8%,

showing a significant difference between areas where straw was incorporated or removed. The nitrate nitrogen content of top
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soil under the returned straw treatment areas was significantly increased by 9.80%—86.71% greater than that of the areas
where straw was removed , especially with N application rates of 540, 630, and 720 kg N hm™ a™'. Nitrogen accumulation
in surface soil for N application rates of 360, 450, 540, 630 and 720 kg N hm™ a™' were 1.42, 1.53, 2.22, 2.51 and 2.12
times that of areas where no fertilizer was added, respectively, for the returned straw areas and 1.24, 1.38, 1.53, 1.59,
1. 72 times the no added fertilizer accumulation for the area where straw was removed. For both straw incorporated areas or
not, there were exponential relationships between the nitrate nitrogen content and N application amount, although the
correlation coefficient was higher under the straw incorporation treatments than for those where straw was removed. Compared
to nitrate, the ammonia nitrogen content showed no obvious differences between areas of straw incorporation and removal.
Ammonia accumulation under different N application rates was affected by straw addition. Under straw return treatments, it
increased exponentially with the increase of N application rates, and decreased exponentially under areas where straw was
removed, but there was no significant correlation. The effects of straw incorporation and N application rates on maize and
wheat yields were different. For maize, the yield gradually increased from 360 kg N hm™ a™' to 720 kg N hm™ a™ of N
application levels under both straw added areas and straw removed areas. However, the wheat yield gradually increased from
360 kg N hm™ a™' 10 450 kg N hm™ a™" and from 360 kg N hm™ a™' t0 630 kg N hm ™ a™', and decreased when N exceeded
450 kg N hm™ a 'and 630 kg N hm ™ a™' under areas of straw removal and straw incorporation. The high yields of maize and
winter—wheat with straw incorporation treatments would be obtained under the N application rates of 696, 630 kg N hm™
a”', respectively. N application rates of 579, 627 kg N hm™ a™' in straw removal areas would obtain high yields, but they
were lower than that from areas of returned straw treatments. The force analysis showed that returning straw was the most
important influencing factor of soil physical properties, and both straw incorporation and N application rates can compact

crop yields, but the force of N level to yield is stronger than that for returning straw.

Key Words: returning straw; lime concretion black soil; N application rate; physicochemical properties; crop yield
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BE LB 10 AR bk S B, #5718 H ELAS FF 82 B
Kb FRFEAT 6.4%—38.8% ,:%Zl‘ﬂ%%’ﬁ%;ii%%
= TR RS
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Table 1 Effects of straw incorporating on soil buck density and soil water content

T U e N 127 e 2 27 T
Treatments . uck density Decrease/ % Soll water content Decrease/% Soll water storage Decrease/%
/(e/em) /(e/em) /g/em)

R+NO 1.29 be — 19.0 ab - 48.9 ab —
S+NO 1.20 be 7.0 245 ¢ 28.5 58.7 ¢ 19.9
R+N1 1.24 be — 19.5 abed - 48.2 ab —
S+N1 1.19 abc 4.0 21.4 cdef 9.9 50.5 ab 4.9
R+N2 1.27 be — 19.7 abed - 50.1 ab —
S+N2 1.19 be 6.3 21.3 bedef 8.2 54.0 be 7.8
R+N3 1.20 be — 19.1 abe - 459 a —
S+N3 1.17 ab 2.5 22.7 efg 19.1 53.2 be 16.1
R+N4 1.21 be — 20.4 abede - 49.2 ab —
S+N4 1.14 a 5.8 23.2 fg 13.5 52.6 abc 6.9
R+NS5 1.31¢ — 18.9 a — 49.5 ab —
S+N5 1.19 be 9.2 21.7 def 14.9 51.5 ab 4.1

RHEE N 3 WEE M [ —5 85 A F 5 R 2R A R AR BEE) 22 5 8.3 (P< 0. 05) (LSR #4250

BB ;NO, N1, N2, N3, N4, N5 577 it 0 5 43 3118 0,360,450 540,630,720 kg N hm™2 a™!

S F/RFEFFE M, R FRFEFF

; Each value in the table is mean of 3 replicates. Values

followed by a different letter within a column are significantly different at P < 0. 05 according to LSR test. In the 1st column, S denotes straw mulching, R

indicates straw removed. NO,N1,N2 /N3 N4 N5 indicate N application rates of 0,360,450 540,630,720 kg N hm™

a™!, respectively. The below is same

®2 FRFTHMNHELELBEENZE
Table 2 Effects of straw incorporation on soil porosity in tilth layer of soil
N WRSFE  FHEAABE R LR PP .
o AR b sy BRSO g iy B
Tncrease/ % porosity Tncrease/ % porosity Tncrease/ % porosity/  Inerease/ %
Total soil porosity
R+NO 51.5 ab — 29.1 a — 22.4 bed — 56.6 abe —
S+NO 54.7 abe 1.1 41.0 ¢ 41.0 13.7 a 38.8 754 € 33.2
R+N1 53.3 abe — 28.5 a — 24.8 cd — 53.6 abe —
S+N1 55.3 abe 3.7 339b 18.9 21.4 abed 13.7 61.7 bed 15.1
R+N2 53.0 ab — 27.6 a — 24.4 cd — 53.1 ab —
S+N2 54.3 ab 2.5 363 b 31.5 15.9 ab 34.8 69.6 de 31.1
R+N3 54.6 abe — 273 a — 27.3d — 50.0 a —
S+N3 55.8 be 2.2 363 b 33.0 19.5 abc 28.6 65.1 cde 30.2
R+N4 54.4 abe — 29.5a — 25.0 cd — 54.1 abe —
S+N4 57.1¢ 5.0 36.5b 23.7 21.7 bed 13.2 62.1 bed 16.3
R+N5 50.7 a — 28.7 a — 22.0 bed — 56.9 abe —
S+N5 55.2 abe 8.9 346 b 20.6 20.6 abed 6.4 63.2 bed 11.6

2.3 X HERE RS

Tl AP F AN A b S 3 b i S A B S R
R ME 1R, BEPFRES A S A

BB

AR AR E R 43 501 R A AR H(S) AP 26.90—
67.54 . 15.43—26.87 kg/hm’, F5 FF B B (R) Ab 3
24.49—42.33 15.44—20.87 kg/hm?;S I R 4b 3 +
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Fig.1

Change in soil inorganic nitrogen in soil tilth layer under the combination of straw mulching and nitrogen fertilizer application

Ve v R R AR R 3 FH A R K b 3 2 i) ) 22 e W 35 1, AR ) sk 30 22 534 8 3K 7 (P<0.05)

R3 BHEHEGTHELREIXNESESN

Table 3  Variance analysis of soil inorganic nitrogen in soil tilth layer under the straw incorporation
Qb F 7S A Nitrate nitrogen/ (kg/hm?) £ 75 Ammonium nitrogen/ ( kg/hm?)
Treatments NO N1 N2 N3 N4 NS NO N1 N2 N3 N4 NS
S 2690a 3827a 41.28a 59.92a 6755a 57.10a 2040a 1634a 1960a 1543 a 2687a 21.28a
R 2449b  30.38b 33.87b 3752b 39.17b 4233b 20.87a 1833b 1568b 18.67b 1544b 18.65b

2.4 KIAREFFR HXE/INZE | FOK = (4
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B WANIRE K 1.5%—6.7% ; {56 2 M 540 kg N
hm™ a™' EFFE] 720 kg N hm™ a™' i}, 7= B R 480
M T T 2.4% b B2 6 1 A&UIE I A BE A &L
PN R R R4 B K R, RS AR N

it A R 10, K 5 Sk i it ZA0 i 1 1 0 £ 3o 1
PPN e A = 360 kg N hm™ a™' [T+
#1630 kg N hm™ a™', & & Wi 3 Jn, 35 hn =k
1. 3%—6.2% , B 4 it 0 A 1 15 R B IR AL, (1
A E 630 kg N hm™> a”' 355 720 kg N hm™> a™'Aif
PRI AN R R R T 0.4% , U BFS FFAE 4%
PF R 2 it H ZUIE I AS BB 2082 = /N 22 7 i, T R
FARE T EKER, AN EOR AR AR Ak R
5 FOR 3, Wit A0 1S i 2 s 1 R Ak

FHIRI G U S5 1, R A1 S RS FF A Bk )
R, A AL B T oK Z da SR RS AT AR B

http ; //www.ecologica.cn



17 34 BEEAF R ATIE BRI A XD 26 R b BRI i B/ A2 - TR B IR 5057

FEFEIE H FEFFRERR
80 - 50 ¢
E 0t ¥=26.208e09013¢ . ¥=24.045600005¢
o R?>=10.8655 R?=0.984
< 40
S
8
=z
S
Z
20 L L L L L L L J 20 L L L L L L L J
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
- N 30 -
30 R RFRR
0 R
S 25+ y = 18.185¢0.0002¢ 25+ y=20.016¢00003
i & R?=0.0487 R2=03173
R
B3 0% * 201
82 .
L 15t . 15 * .
=
Z
10 I I I I I I I ) 10 1 1 1 1 1 1 1 ]
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
i
N application rate/( kg N-hm2-a™")
B2 202 ERRBREHETELNASHERENXER
Fig.2 Correlation of soil inorganic nitrogen content and nitrogen application rates after maize harvesting in 2012
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Fig.3  Yields of crops under the straw incorporation continuously for four years
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Fig.4 Correlation of nitrogen application rates and crop yields under the straw incorporation
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R BEZ K B 5 S L B R RN B A AL B
AL UL AR 22 4 A AT AR L REAC B S AL + 4 BF
e d 3G K e 7 34 inFL B B 1
3 52 M, EOE it A 3 B IR S B
AR 3% 5 RS AE I RS AT 21 4R f a5 1
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Table 4 Force analysis of single and interactive measure on soil physical properties and crop yields
. AR The level of variation%
255 Py
Source +-45¢ 145 B BB BME RHTW DMEEER L. W BE
of variance  FKE  WUKEE K Fokar fLBREE fLBREE fLBE ﬁ}L‘Kg B SR SR )
S A
X 2H 2.91 5.93 3.96 2.98 4.97 7.78 8.64 1.77 1.61 2.44 4.38
FEFFAH(S)  72.74 7 68.35"" 61.25" 72.38" 85.22" 79.43"" 82.50 " 65.43 " 45.82"" 28.98 22.54"
AMAKF-(N)  0.63 0.88 10.78 0.13 0.57 1.46 3.80 2.29 2576 26.30 53.42**
SxN 13.25 16.49 21.26 17.28 4.09 8.86 2.22 21.63 13.37 35.26 1.091
1R 10.48 8.35 2.75 7.23 5.15 2.46 2.84 8.88 13.44 7.02 8.75

% i‘%ﬁ'\‘ﬂ%7k5|z, % % %%%T&E%ﬂ(qz,i% 7k & Soil water content ; + 3K 4 Soil water storage ; AT Soil bulk density; TR
K4 Soil capillary water capacity; 43 BFLBR A Total soil porosity ; T HEEE LR Soil capillary porosity ; F AR B FLBRE Soil non-capillay
porosity ; B LB BALBIEE Soil capillary porosity/ total soil porosity ; R A A Soil nitrate nitrogen ; HHEE A Soil ammonium nitrogen ; AR

£ Annual yield

BEATRIZS A UcGE T IEAE AR b+
HZRRA K, BEWLET, HIERZHREFEEY
Xof i R 1) % o R B K A3 P R A A 39 4 Az W
K ES S, B TR A8 L8 540, AT
IKPGE %, Wlem T M oK MR, FEFFE &
fiff = i & A2 BB 8 Al O B 3R JZ K o & B
B TR, K S,

PEFS T2 PR Y 4 B A O S H AR B
JZ0—30 em LJERAHL 2R LS E, mHAA.
SR N, AR RS A L B A BB E A
AR S e TR BRI, Al 540,630,720
kg N hm™ a™ i, S A S RS AR AL EE 3 v T
FEAFRL BRAL B, 3 W I R FF I8 H e £ vy T 48 i ik
By, R AR RIS H SRS FF R bR X 1A
LA A AR B2 [A], A% FF 4 AT B Sk 3 i+ 48
BLFRGT Ak FEFF 9 S 6 A 23 BRI 10 32 1k
AW PR, (AR RS AR A A R R S AU
it A DI R

A SCHK i T R AT IS BN KA B AR
FAES AHAA W R AR R R
FEFF 8 H RO IS A R T DR R R = i,
FFi8 B 4 & 630 kg N hm ™2 a™' I & /N3 P
1o, B R B R K LU RS AR R BRI ™ 3.8% ; e it 21
720 kg N hm ™ a™' 9 B K 7 8 f e, 38977 R E o
K, TRIRE U RS AP RS I8 72 4.5% , & TR FFAb 4 =
BRI P 4 SRR — 8, ) RSP A, #%
FRR R T /N M 38 i AR T O &
YER S ZE 1R A, i f2 F 1 4 0 09 7 RN Ak 5 X
TS O FEFFAA FH it 1% 2 500 1T LA A o - 45

PR SR 5 4 1 b SR A IR, B T &/
A RBCR, A WFTEE W, AT I T )
AP TR, AT AR AR M A A R B A i
PR ) S A R
YERII o0 5 SRAE T, R A ik T2 + B4 1
3t fp T LA A S U, A 0 R T RUIE K KA A
i T X SR 9 58 H O 5 %t T - HEF VRS2 i AS A
AR i SUIE K PSR 4 2 57 50 4 K T
FHAFIA F B A FH R K 1 38 KON, 40 7
TP AN ARG AT TH X RE AP 32 F AN R )
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