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Effects of various cultivation approaches on the three-phase ratio of
soil and root system structure of maize

LI Xiao-long, GAO Ju-lin, HU Shu-ping, YU Xiao-fang, WANG Zhi-gang, SU Zhi-jun, XIE Min
( College of Agronomy , Inner Mongolia Agricultural University , Hohhot , Inner Mongolia 010018, China)

Abstract: To evaluate effects of different deep cultivation approaches on the three-phase ratio of soil and root system
structure of maize, the maize cultivar Xianyu 335 was used under three cultivation methods including deep-spin (TS) 35
cm, subsoiling (SS) 35 cm, and deep plowing (SF) 35 ¢m by comparing to shallow rotary tillage (CK) 15 c¢m, to exam-
ine the three-phase ratio of soil and maize root system structure. It turned out that by increasing the gaseous phase ratio
and liquid phase ratio and decreasing the solid phase ratio, deep plowing increased the GSSI and decreased the STPSD ,
allowing the physical structure of soil in plow layer to reach an ideal state. SF could significantly improve the physical
structure of soil in plow layer as deep as 20 ~ 60 ecm, while SS could obviously improve the soil structure in soil layer as
deep as 40 ~ 60 cm. The soil-improving effects of SS and SF were better than those of TS. Additionally, total length and
surface area of roots in deep plowing were higher than those in the shallowly rotary tillage. There was obvious increment
of biomass in the middle and lower root systems in soil and the biomass from fine roots with diameters between 0 ~ 0.5
mm was dominant. For distributions of corn roots with various lengths, root system with the diameter of 0 ~ 0.2 mm ac-

counted for the most, while for distributions of roots with different surface areas, roots with the diameters between O ~
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0.33 mm are the majority. The gaseous phase of soil was significantly and positively correlated with the length and sur-
face area of fine roots of corn root system, while liquid phase and solid phase showed significant and negative correlations
with the length and surface area of fine roots of corn root system. Deep plowing could improve the physical structure of
soil, decrease the density of soil, increase the water content, and simultaneously increase the weight of root trunk, length
and surface area of roots. The proportion fine roots within the root system of corn accounting for became increased. Three
phases of soil had certain correlations with the length and surface area of fine roots of corn root system. To some extent,

high gaseous phase ratio would promote the growth of fine corn roots, while high solid ratio and liquid phase liquid would

inhibit their growth. The three phases of soil co-influenced the growth of corn root system.

Keywords: Varius cultivation; three-phase ratio of soil; maize; root system structure
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Table 1  Influence of different deep tillage methods on three-phase ratios of soil
- . — '

Slime Tewews Gngwe Laitrme Sl e ass stesp
CK 25.58+0.18 ab 15.25+0.76 b 59.16+£0.81 a 92.68+1.26 a 9.47+0.78 a
TS 26.29+1.32 ab 17.22+0.72 a 56.49 +1.38 ab 95.64+0.84 a 7.29+0.73 a

0~20 SS 24.94+4.20 b 17.45+2.73 a 57.61+£2.78 ab 94.65+2.59 a 8.10+2.06 a
SF 20.77+1.44 a 16.07+1.11 ab 54.15£0.69 b M.64+1.41 a 7.78+0.95 a
CK 21.92+1.99b 16.85£2.35b 61.23+0.69 a 92.47+£2.16 b 10.18+1.07 a
TS 22.19+0.52 b 18.62+1.03 a 59.19+0.57 ab 95.26£0.82 ab 8.17+0.64 ab

2040 SS 24.99+£2.91 a 18.14+4.78 a 56.87+2.44 b 95.08 £3.74 ab 7.25+3.22 ab
SF 25.11+0.64 a 18.46t1.12 a 56.43£1.75b 96.62+1.30 a 6.50+1.40 b
CK 20.58+0.75 a 17.87+£0.61 ¢ 61.55+0.98 a 93.04+£1.07 b 10.10+£0.84 a
TS 21.51+£2.45 a 18.41£2.37 be 60.08+1.17 a 94.10£1.11b 9.08+0.90 a

9060 SS 20.71£1.93 a 21.36+1.30 ab 57.94+£0.63 b 96.52+0.53 a 7.01+0.54 b
SF 20.55+2.22 a 22.12+2.35 a 57.53+0.43 b 96.61+0.14 a 6.84+0.19 b

RPN FRFRIR 5% REKTV. T,

Note: Lowercase letters indicated significance at 5% level. The same below.

2.2 REFRHAOIETE KR RHE 0

M 2 n L IR BEAL B R T BRI AR
T E ARKAREIA, BT E AR AR R
KEI N SF >SS > TS > CKo 5 IRAHEH AR T 5
5 CK [A] 22 5% . 3%, TS, SS. SF 73 9l # CK 2 &

20.13% .35.52% 11 39.62% . AL FHEAEAR K B
ZESIR BT B K-, TS SS.SF 435l 8% CK #2851
14.81% \33.21% 1 77.79% , W1 TS, SS. SF
ArEE CKARE T 3.65% .6.42% F 24.03% , Hrh
SS.SF 5 CK [ 25 W3 .
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R2 0~60 cm TERBEKRRTEMRMKMBRERAOEN
Table 2 Variations of dry root weight, length,

and root surface area in 0 ~ 60 c¢m layer

Qb3 WRTH /g A /m HRF WA em?
Treatments  Dry root weigh Root length Root surface area
CK 12.67£1.07 ¢ 298.05+6.43d 6412.64+82.93 ¢
TS 15.22+0.92b 342.20+2.03 ¢ 6646.91 +26.81 be
SS 17.17+1.05 ab 397.03£11.31 b 6824.02 + 185.51b
SF 17.69+0.37 a 529.91+£6.72a  7953.46 £ 179.90 a
2.2.1 FREE#HTRXFELEERBEKG T

& 1 Al LIE 1L LE 10 ~ 60 em 2B TS 76 10 ~ 20
em LZBART CK 4h, HETRBHE S L 2R K
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Iy CK 3R T 97.8% . 258.3% . 173. 3% Fl
25.7% , 3 HAE 10 ~ 40 em + )2 5.3 & T H A AL #
SSTE20~50 em 1 EMK B E T CK, 7% CK
2R T 20.6% .208.6% F1 262.7% . TS 1E 20 ~ 30
emPhJ% 50 ~ 60 em REMKE CK B ERE T
40.2%M1201.3% .

MERFE 0.5 mm LA T AY4HARTE 0~ 60 cm )2
S A IEOL (B 2) FTLAE ), &AL 3 0.5 mm KL
4 AR A 7 R AR K T 43 i O 5. 62% (CK)
72.48% (TS) .57.40% (SS) Fl 66.05% (SF) , & & #f
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J 40 ~ 60 em +)Z M E T CK 69.3% .544.5%
1377.1%
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CK 7E 0 ~ 60 em - JZ R 4 )23 TR B2 3 hin AR 2 1 FRAS Wy
TR, #E 20 ~ 50 em + )2 SF E KR R 1m0 R
FEmT CK, & L2008 CK &5 T 50.9%.
46.5% 1 176.5% . TS & 30 ~ 40 em +)Z4M, 7£ 10 ~
60 cm T JZMRE MY & T CK, IF HTE 0~ 10,50 ~
60 cm 1 )7 2 TR E B E K, 2 CK 38 m T
19.4%F1719.2% , SSTE 0~ 60 cm 2R F M ALY
T CK, AP 7R 40 ~ 50 em +E2EF B E 8 CK 42
=T 594.9% , it H 2 ERARE

¥ SS O SF
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Root length distributions in different soil layers
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Fig.2 Root length distributions of fine roots with 0.5 mm diameter and less in different soil layers
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Fig.3  Root surface area distributions in different soil layers
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Fig.4 Surface area distributions of fine roots with 0.5 mm diameter and less in different soil layers
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Fig.5 Percentages of roots with different diameters to the total root length
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ERISE AR B0N 0.919; 5 A HC AT E AH H 5 2
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2.4 AARMARNMEXTEREMBEEZNS

i)

3 5 AT UL, TS, SS.SF =& ¥+ CK, 70 5il4%
CK 347 7.89% 11.74% 17.02% , Hih SF 7 & i
FIFH S CK kSR 3522 5, = A IRB b 3 ) 2 8
b SF>SS> TS, HEFARE,

25 A B ) i BRACGR BN SF > SS > CK > TS, {H 22
TN BRI ACR B VR R T CK, B
RN SS> TS > SF > CK, 5 B AL B ja] 22 5 A i
5 TR E VBRI FENS & T CK, S AL R BN SF >
SS>TS> CK, &K AbHi[a| 2 F AN B E

ZEA LA LBl AL BR TS A EIRF CK Ak,
oA = R PR R R B T K, R R AL

MR FERES CK R 22 5708 8 1 230K
®3 ERKETE=HERXESR

Table 3 Correlation analyses between fine root

lengths and soil three phase ratios

TiH vl A Eibi| (S S

Item Gasphase  Liquidphase ~ Solidphase  Root length
M Gasphase 1.000 -0.670°  -0.730" " 0.930" "
T Liquidphase 1.000 -0.080 -0.587"
&4 Solidphase 1.000 -0.718""
MK Root length 1.000

TE: UK P<0.05 FEFEKF; » + AF P<0.01 FEFEK
o T
Note: * indicated a significance level at P <0.05, * * indicated a

significance level at P <0.01. The same below.

x4 ERFTERSLE=MEEIESFT
Table 4  Correlation analyses between fine root surface

areas and soil three phase ratios

2 1

i s e mg RIEL

Ttem Gasphase  Liquidphase  Solidphase ’
area

S M Gasphase 1.000 -0.670° -0.730"" 0.919"~
WiAH Liquidphase 1.000 -0.080 -0.590"
[&4H Solidphase 1.000 -0.700"
2T R

LSRN 1000

Root surface area

£S5 FRRMAXNMNEFEEXFENZMN
Table 5 Influences of different deep tillage methods on spring maize yield

4k M/ (B - 667Tm=2) DR/ THIE /g 74/ (kgrhm=?)
Treatments Ears per 667m’ Kernels number per ears 1000-kernel weight Yield

CK 5177+ 88.07 a 643+7.00 b 3192 12.59 a 12583.564.76 b

IS 5145+79.76 a 689 +1.00 a 328+11.14a 13587.15 +42.44 ab

ss 5211£109.49 a 693 +6.56 a 333+9.54a 14061.15 + 34.18 ab

SF 5270+ 108.17 a 675+3.11 a 344+3.61 a 14725.8 £ 28.03 a
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