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Effects of ridge-cultivation and plastic film mulching on root distribution and yield of spring
maize in hilly area of central Sichuan basin, China. ZHA Li, XIE Meng-lin, ZHU Min, DOU
Pan, CHENG Qiu-bo, WANG Xing-long, YUAN Ji-chao, KONG Fan-lei* ( College of Agronomy,
Sichuan Agricultural University/Key Laboratory of Crop Ecophysiology and Farming System in South-
west China, Chengdu 611130, China).

Abstract: A field experiment was conducted to study the effects of planting pattern (ridge culture,
flatten culture, furrow culture) and film mulching on the distribution of spring maize root system
and their influence on the yield of spring maize in the hilly area of central Sichuan basin. The re-
sults showed that ridge and film mulching had great influence on root morphology and root distribu-
tion of maize. The root length, root surface area and root volume of film mulching was 42.3%,
50.0%, 57.4% higher than those of no film mulching at jointing stage. The film mulching signifi-
cantly increased the dry mass of root in vertical and horizontal distribution, and increased the root
allocation ratio in deeper soil layer (20-40 cm) and the allocation ratio of wide row (0-20 cm) in
horizontal direction. The effects of planting pattern on root growth and root distribution differed by
film mulching. With film mulching, the ridge culture significantly increased the root dry mass in
each soil layer and enlarged the distribution percentage of wide row (20-40 c¢m) in horizontal di-
rection, as well as the dry mass of root in horizontal distribution and the root allocation ratio of wide
row. The root mass under film mulching was in the order of ridge culture>flatten culture>furrow cul-
ture. Without film mulching, the furrow culture significantly increased root dry mass of narrow row
(0-40 cm) , and the root mass under no film mulching was in the order of furrow culture > ridge
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culture >flatten culture. As for the spike characteristics and maize yield, the filming mulching mea-

sures reduced the corn bald length while increased the spike length, grain number, 1000-grain

mass and yield. The yield under film mulching was in the order of ridge culture>flatten culture> fur-

row culture, while it was furrow culture > flatten culture > ridge culture under no film mulching.

The reason for yield increase under ridge culture with film mulching was that it increased root weight

especially in deep soil, and promoted the root allocation ratio in deeper soil and wide row (20-40

cm) in horizontal direction. The ridge-furrow culture without film mulching was helpful to root

growth and increased the maize yield.

Key words: hilly area of central Sichuan basin; spring maize; ridge-cultivation; film mulching;

root distribution; yield.
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Fig.1 Schematic diagram of different planting patterns.
B, : ZEYEZEHE Ridge culture; B,: YAE Flatten culture; B, . ZE/EJAHE

Furrow culture. I [f] The same below.
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Fig.2 Three-dimensional chart of sampling root in the field.
PR 6 X3 0~20 em L2 AR RBURERL A 4275 0~20 em 1)
4T 0~ 20 em, FE4T 0~ 20,20 ~ 40 cm BURE S5 Gray area was the
sampling points of 0~20 cm soil layers, containing the sampling point of
narrow row 0-20 em, wide row 0-20 and 20-40 cm.
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Table 1 Effects of ridge-cultivation and plastic film mulching on root morphology of maize plant

(-1 9y g 75 =X K5 Jointing stage KWL Teaseling stage 223 Silking stage

Plastic film - Planting WKk REEB AR mE REmB AR MKk REmBL R

mulching pattern Root Root Root Root Root Root Root Root Root
mode length  surface area  volume length  surface area  volume length  surface area  volume
(cm) (em?) (em?) (em) (em?) (em?) (em) (em®) (em?)

A, B, 1884a 683a 20.0a 11530a 3398a 90.0a 12369a 4015a 106.8a
B, 1606a 519b 13.4b 12028a 3158a 70.4h 12237a 3895a 106.3a

B, 1468ab 458b 11.8be 11844a 3104a 67.6h 12730a 3675a 88.5bc
- Average 1653A 553A 15.1A 11801A 3220A 76.0A 12425A 3862A 100.6A

A, B, 1058b 323¢ 8.1c 7352b 1928b 42.5¢ 7946bc 2300b 91.0b
B, 1057b 327¢ 8.2¢ 8515b 2259h 50.3¢ 8823¢ 2304b 83.4bc

B, 1369ab 457b 12.4b 8085b 2038h 42.2¢ 9578h 2902h 75.5¢

- Average 1162B 3698 9.6B 7984B 2075B 45.0B 8116B 2502B 83.3B
F 1 A 12.43**  36.48"* 7577 " 46.18" " 83.69" " 120.03" * 47.86" " 69.13" "  20.63" "
F value B 0.34" 2.34" 8.99" " 0.75™ 0.42" 5.32" 2.38" 0.47™ 7.14"
AxB 0.15" 11.51°"  32.67°" 0.12™ 1.83™ 8.77" " 1.05™ 3.26™ 0.60™

A Hi RS 2% Film mulch; A, AN S No film mulch; B, : ZEVE 2B Ridge culture; B, : SEAE Flatten culture; B, : ZE/E V3G Furrow culture. A~
[Rl R /INE P14 5 27 [R) 2 A P ) 22 5k B i 2% ( P<0.01) i 2 7KF ( P<0.05) . Different capital and small letters meant significant difference
among treatments at 0.01 and 0.05 levels, respectively. * P<0.05; # * P<0.01; ns: /N3 Not significant. T[] The same below.
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Fig.3 Effects of ridge-cultivation and plastic film mulching on root vertical distribution of maize.
I . #7154 Jointing stage; II ;. KMIWUITH Teaseling stage; Il . 223 Silking stage. A, : HuFF 35 Film mulch; A, . A7 35 MUK No film mulch. i
WA TY I EFRRREAELE P53 70 The root distribution in the soil was indicated by the root dry mass. /A~ [ T} 2 78 Ab H [A] 22 57 . 3 (P

<0.05) Different letters meant significant difference among treatments at 0.05 level.
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Table 2 Effects of ridge-cultivation and plastic film mulching on root horizontal distribution of maize (g - plant™)

BT i 7= KB Teaseling stage I 2234 Silking stage
Plasti(f film Planting $54F Wide row BT Jeyiins FE4T Wide row AT b5t
E;’(lizhmg pattern 0-20em  20-40cm  0~40 em N rov Total 0~20cm  20~40 cm  0~40 em  Namowrow - Total
-40 cm mass 0-40 cm mass
A B, 7.5a 1.10a 8.60a 7.35a 15.95a 9.41a I.11a 10.51a 7.67a 18.18a
B, 5.95b 0.56h 6.51b 6.75ab 13.26b 7.21b 0.76b 7.97b 7.46a 15.43b
Bs 4.25¢ 0.79ab 5.04¢ 5.11be 10.15¢ 6.69bc 0.95ab 7.64b 6.00h 13.64bc
I Average 5.90A 0.81A 6.72A 6.40A 13.12A 7.77A 0.94A 8.71A 7.04A 15.75A
A, B, 1.74d 0.37b 2.11e 3.08d 5.20d 5.68cd 0.45¢ 6.13¢ 4.50¢ 10.63d
B, 3.67¢ 0.61ab 4.28cd 3.40cd 7.68cd 4.87d 1.06a 5.93¢ 4.46¢ 10.39d
B, 3.23¢ 0.46h 3.69d 3.07d 6.76d 5.07d 0.77b 5.84c 6.11h 11.95¢d
5 Average 2.88B 0.48A 3.36B 3.18B 6.55B 5.21B 0.76A 5.96B 5.02B 10.99B
F{H A 87.23* " 5.96" 162.08* *  4451**  100.57* " 50.89 " * 770" 51.37**  3630" " 62.95" "
F value B 4.14* 0.42"™ 6.49 " 2.16™ 440" 87" " 1.51™ 6.71" 0.05™ 3.00™
AXB 1922 2.65™ 36.14 " 1.79™ 11.08 " * 2.93™ 18.53* 462" 10.16" * 8.00" ~

AR T 104.9% ,70.3% 100.0% . 101.3% ; ik 22
W35 T 49.1% 23.7% 46.1% 40.2%. )\ 51T
R A &, R wl WA 1 359 33 18 Ak 38 58 4T 0 ~ 20 AN
20~40 em#f R 5 V1T AR & L 43 B Sk 87. 9% Fil
12. 1% , ANEREAL I 53590 85.8% Fl 14.2% 5 it 22 1)
TENERE B35 h 89.2% F1 10.8% , AN B ik 3 43 5]
H 87.3%FN 12. 7%. 7] WL, B HEEE = T 9847 0~20 em
HR R I3 LB, BEAR T 94T 20~40 em 4345 L.

Tt 75 OO AR 2 7K ST 43 A 14 5 i) PR 7 RS R AN
). I 284 2B 3G 42 w5 T /K7 1) 4% )2 R 2
FNVEAT 45 2 YR R ATHC LU 3] 5 AR e o e oty 22
VEZE4E > VAE > ZBAE R4 , H IR m WA 1 39 b 2 ] 22 53
IR KT 22 B 2B A 2R R A 1 2 v T A g
S PR AN RE PR T 984T 20~40 em AR F15>
JC He A9, T 2B A 1A 4 0 B v T k2 AR AT 0~ 40
em FR L, 22 1 AR B i R BN BRI > 2B e 28
>N EALBR ] 22 5 A8 1 2%

®3 ZEEBEBRMERFERMAEEZRZM

2.4 ZEAESEBO FE K i K R 2R R

H1¢ 3 W], ik Jr =5 B R B R AR bR
FP= i YA 135 5 . 7 T FOR TR K RIS
T 2RI 0 R R 3K B 3 R KO Rk
X T KT A DR 7= 2 114 5 W) 52 7SS it ) 52 i)
177 AN ) 78 RS il 5 Ay X0 EOR AR 2, T-Hi R
Pk 14 5 M A7 A W Sk 38 %) 28 B A R 7 4 it
fRT EORFAREK e TR Rk Tk =
i, o SR K FURECR ™ AR L 5 AN RS H 22
SR E KT AN AR L, B AL B SR AR K
SEHFEAR T 0.97 em , FHURLBCE 414 0 15.2% , e &
PR R 17.3%. FoRE SO0 K Y R
PRI 7 5 5 1T S 2 A 1 o 5l e et 22 S
2RI ZBAE B > VA > BRI 3G N EE T
W B A ZBAE T3 > -1 > 28 /E 4% , 0L ZB1E 1% -
T EE T HAMAS LB S FF R 2B
F 7 it e, AN N 2B VR V4 7= i de e

Table 3 Effects of ridge-cultivation and plastic film mulching on yield and yield components of maize

BT e 75 =X 58N TR FeRK RIS TR =
Plastic Film Planting Spike length  Spike diameter Bald tip Grain number 1000-kernel Yield
mulching mode pattern (em) (em) length (cm) per ear mass (g) (kg - hm™2)
Ay B, 20.18a 53.77a 2.29bc 698.6a 271.3a 9476.0a
B, 19.61a 53.45a 1.62¢ 679.7b 270.0a 9175.8b
B, 19.98a 54.04a 3.02ab 682.7ab 260.8b 8916.9¢
-5 Average 19.92A 53.75A 2.31B 687.3A 267.4A 9189.6A
A, B, 19.57a 53.55a 3.16a 574.6d 261.9b 7520.9¢
B, 19.41a 53.62a 3.34a 601.3¢ 257.7b 7745.8¢
Bs 19.92a 53.56a 3.35a 614.0c 268.5a 8239.3d
-3 Average 19.63A 53.58A 3.28A 596.6B 262.7B 7835.3B
FAH A 1.24" 0.48™ 19.98* * 449.14* ¢ 14.58* " 533.21* "
F value B 1.11™ 0.36™ 3.55™ 2.85"™ 1.88™ 1.39™
AxB 0.41™ 0.54"™ 3.39™ 15.46" 26.28" " 39.96" "
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Table 4 Correlations between yield and root characters of maize

[E27 FHIEZREL Correlation coefficient [5] )9 57 ## Regression equation
Character Bl RMIINTE ka2 AT NIRRT nt: 22 34
Jointing Teaseling Silking Jointing Teaseling Silking
stage stage stage stage stage stage

R Root length 0.771% * 0.776* * 0.673*
MR Root surface area 0.849 " * 0.822" " 0.776 " *
HIHFH Root volume 0.839% * 0.815% * 0.567"
H T Jfi & Dry mass of root 0.788* * 0.810* * 0.834**

y=6369.45+1.52x
y=6363.23+4.66x
¥=6700.89+146.95x
¥y=6891.71+204.09x

y=6101.71+0.24x
¥y=6167.12+0.89x
y=6652.01+30.76x
y=7180.09+135.49x

y=7264.08+0.14x
y=6143.81+0.79x
¥=5792.27+29.59x
y=5943.96+192.08x
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KA A PR HIAR R A K 0 BN T, BRI ] 2
o EORHIARAR R B K &7 R RAE K.
AL UL ey O R AR R AR K R FH 32 2 I A it
{1452 e T AN [

R AR R oA A R T BRI AR R+
JEAR AR KR R A A B B AR T
JI Fe b X A SR E B0 MR R, FORMR R 24
AFE 0~40 em £ )23 X 5077 #b X F KR R AF 3 B
D5 18] 4y A R[] 22 A R 2 v, R A
SRR R AR A R K E AR AR
FEEPTE0~20 em T2, B R 80% 4.

TEET 45 1 J2 AR S AN 7 158 I 250 o, JFG v 7
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