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Effects of furrow-mulching materials on soil moisture and maize root
distribution in ridge-furrow rainwater harvesting system
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Abstract: In order to screening environmental friendly mulching materials and elucidate the mechanism of yield in-
crease in ridge-furrow rainwater harvesting system, a field experiment was conducted to investigate the effects of different
furrow mulching methods (non-mulching, biodegradable film mulching and straw mulching) on soil moisture and root dry
matter, length, surface area and volume of maize in semi-arid areas of the Loess Plateau. The results showed that the soil
water content and the values of physiological characteristics (dry matter, length, surface area and volume) of maize roots
within furrow soil profiles were clearly higher than that within ridge soil profiles. Compared with traditional flat planting
without mulching, average soil water content within furrow soil profiles increased during maize growing season was
6.9%, 10.6% and 9.3% for non-mulching, biodegradable film mulching and straw mulching, respectively, while
within ridge soil profiles decrease was 13.8% , 10.9% and 5.6% . Total root dry matter (ridge + furrow) of maize de-
creased by 15.9% , 6.1% and 16.8% . Total root length of maize increased by 37.6% , 43.7% and 34.8% , and to-
tal root surface area of maize increase was 10.5% , 33.6% and 15.0% . Total root volume of maize decreased by
34.5% and 16.3% for non-mulching and straw mulching, respectively, but increased by 13.2% for biodegradable film

mulching. Root dry matter of maize decreased, but soil moisture, root length and root surface area of maize increased in
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ridge-furrow rainwater harvesting system, compared with the traditional flat planting without mulching. Biodegradable film

mulching had a higher soil water content, root length, surface area and volume of maize than other furrow mulching meth-

ods.

Keywords: maize; ridge-furrow rainwater harvesting; furrow mulching material; soil moisture; root
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Fig.1 Schematic diagram of ridge — furrow rainwater harvesting for maize production
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Table 2 Experimental design for maize production in ridge-furrow rainwater harvesting system

1R Sz BT/ n? T/ AN T/
Code Treatment Ridge area Furrow area Plot area
TFP fEGF-AE  Traditional plat planting — — 36.0
NM JC# T No-mulching 18.0 18.0 36.0
BM YT AR T Biodegradable film mulching 18.0 18.0 36.0
SM GFFE S Straw mulching 18.0 18.0 36.0
1.3 fiEEE 220 kg*hm 2R ZAE A IENE, 3 FPET (2013 4F 4 H 19
RIS M A SE L PP AE 6 a TR 2012 4F S H ¥ 2 FILEHE & ot T8 ek m AR E A 1
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Fig.2  Rainfall during maize growing seasons in 2013
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Fig.3 Effects of furrow mulching materials on soil water content in 0 ~ 40 c¢m soil depth at furrow bottoms and ridge tops
T TFP NMBM Fil SMU 7353 FOZ P TR s Ay vl o i S 50 2 AR AP B, 1)

Note: TFP, NM, BM and SM represent traditional flat planting without mulching, no-mulching, biodegradable film mulching and straw mulching, respec-

tively. The same below.
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Table 3  Effects of mulching materials on root dry matter of maize
TR W+ 2B /2 Lt il
Depth Furrows + ridges Furrows/ridges Proportion/ %
/em TFP NM BM SM NM BM SM TFP NM BM SM
0~ 10 1.22a 0.99h 1.31a 1.07b 5.6 4.7 10.9 57 55 66 60
10~ 20 0.48a 0.41ab 0.37be 0.31c 2.4 3.1 2.1 22 23 17 17
20~ 30 0.30a 0.25a 0.17b 0.24a 1.5 1.8 1.2 14 14 9 14
30 ~40 0.14a 0.15a 0.15a 0.16a 1.1 1.1 0.8 7 8 8 9
0~40 2.14a 1.80b 2.0lab 1.78b 3.1 3.5 3.6 100 100 100 100
TE: =3 E AR FRFRR 257 B3 (P <0.05). R
Note: Means followed by different letters in each column are significantly different at P <0.05. The same below.

R4 BEMBXEXKBKAORIE/( x 10 3cmeem ™)

Table 4  Effects of mulching materials on root length of maize
3 W+ 2 /2 L il
Depth Furrows + ridges Furrows/ridges Proportion/ %
/em TFP NM BM SM NM BM SM TFP NM BM SM
0~ 10 1182d 2309¢ 3003a 2323h 0.6 1.2 2.2 37 45 53 48
10~20 1072d 1273a 1220b 1203¢ 1.7 2.3 2.3 34 25 22 25
20 ~30 632¢ 782a 606d 705h 0.9 1.6 0.9 20 15 11 15
30 ~ 40 286d 719b 801a 637¢ 0.8 1.2 0.8 9 14 14 13
0~40 3172d 5083b 5630a 4868¢ 0.9 1.4 1.7 100 100 100 100

2.5 BEMHMERRRERNAZM 1.2, AP RE 400000 2.9.2.3.1.0 1 0.9, LR

R TR A W) AR 28 W BT i 0 1 B 224 3, AR
F PR, A R 05 ) IR B R R . AR AR
REEZEZRAAE K TA RIABEHT, A Y58 1 5
TR R BURIAR R 06 71, #55TA RIS A 858 . AT
T 55 MR R AR 2 T AR SR A L
ML (R 5). WHEARBRERHE KT ZE
b, EORAR R TR 5 28 v RO 3R T AR LU B
T 2R k> . 3EERIE 0~ 10,10 ~ 20,20
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FORMF AL, TEE 250 0.8.1.9.1.0 F
0.9, 4] B fifp WO REEAT 55 53 701 o 1.8.3.1.1.6 Fi

JE 0~ 40 em I, OB 75 | AL W ] [ A 7 55
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FOK SR T + W), Az a] B A b 5 7
T EOR AR R I AR R TR AT 5 A
) EOK B R AR 3K T O 5, O S5 EOK
SR TR R PR, BoK RAR R 1w AR IR
Fe R A= nl A A 35 > REAT B T > O > F
YEo SVAEALL, TR R AW ] R At b R g o5 AR,
AT 3 1 oK AR i R0 3 0 10.5% .33.6%
M 15.0%
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Table 5 Effects of mulching materials on root surface area of maize
W W+ B W/ L 3]
Depth Furrows + ridges Furrows/ridges Proportion/ %

/em TFP NM BM SM NM BM SM TFP NM BM SM
0~ 10 243.6d 250.2¢ 434.9a 297.7b 0.8 1.8 2.9 49 39 50 44
10~20 175.4b 176.8b 210.6a 159.3¢ 0.9 3.1 2.3 21 27 24 23
20 ~30 119.2b 116.7¢ 105.1d 122.8a 1.0 1.6 1.0 20 18 12 18
30 ~ 40 59.4c¢ 104.0b 122.8a 102.3b 0.9 1.2 0.9 10 16 14 15
0~40 579.6d 647.7¢ 873.4a 682.1b 1.1 1.9 1.8 100 100 100 100

2.6 BEMRXEXRBRERERND

MRARBURIR R B0 KB DL AR 28 6 1A
B, RY) S R 2 LG RN . 3 6 1]
DLUE 78 B ORARARFR B K F 28 v, 78 Hh oK AR
PRFRE 28 v T K MR AR AR B 8 il - J2 % 5 488 i i ik
/Do FIEBE 0~ 10,10 ~ 20,20 ~ 30 em Fil 30 ~ 40
em I B ORAR IR AR S 28 rp FORARR R LA, To
SO 1.0.2.2.1.2 F1 1.0, A= 1y AT o4 i Ji 2 o5
SN 2.7.3.0.1.6 F1 1.2, K5 FFE w5091 0 3.8,
2.3.1.2 F1 1.0, HIEWEE 0~ 40 em FX{H, TLH

T AR R A b R T RS T 35 0038 P R ORAR
RS 2B FORMATLL(E 290 1.3.2.2 F12.0,
HIZUREE 0~ 40 em FORBMIEREL(ZZH + i), 4E
T R A P 5 17 R OK R AR AR 3 KT PE,
AR R FOK SRR TR B 3 K TR A o5, R AT 5
) FOR EARAR TR 25 KT o8 56, FOK S AR AR R HE
FNUR T Ry A0 v WA M I3 55 > P > R AP 5 >
TE . SR L, JCHE 35 AR FF 7 35 A0 TR B
FRARFI> B 34.5% F11 16.3% , A= ] [ fige i A
B I FOK SRR TR N 13.2% .

®o6 BEMBIERBEREZI/(x 10 em™+cm™?)

Table 6  Effects of mulching materials on root volume of maize

3 W+ 2 /2 L il

Depth Furrows + ridges Furrows/ridges Proportion/ %

/em TFP NM BM SM NM BM SM TFP NM BM SM
0~10 4.00b 2.17d 5.20a 3.10c 1.0 2.7 3.8 44 32 50 40
10~ 20 2.28a 1.95b 2.27a 1.66¢ 2.2 3.0 2.3 25 29 22 21
20~30 1.78a 1.39¢ 1.45¢ 1.70b 1.2 1.6 1.2 20 21 14 22
30 ~40 0.98d 1.21c 1.49a 1.31b 1.0 1.2 1.0 11 18 14 17
0~40 9.04b 6.72d 10.41a 7.7c 1.3 2.2 2.0 100 100 100 100
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i R I 2 K A A ., 2B T IS KA AL
B, 28 rh e K AR A T A P K
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i (28 rp SR W AR TGP, B
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HKEHES IR A RE AT B 5 > A2 ) mT A b B =5 >
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AR B AP B R AE AR TR 1
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16.8% . FYIAR R A=Y & S H A R A LA 2 A )
YU RE T AT EAR A, B R AR X K Ay
Fou R W, 52 e e )2 AR K R F O R
AR 5B TR AR LG , AR S8 LK A3 A
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