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Effects of straw mulching rates on water consumption and yield of
summer maize under dual-mulching of ridge and furrow

SHEN Sheng-long'*, LI Yuan-nong'*, YIN Min-hua'*,ZHANG Min'? FANG Heng'’
(1.College of Water Resources and Architectural Engineering , Northwest A & F University , Yangling Shannxi 712100, China ;
2.Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas ,Minisiry of Education ,
Northwest A & F University , Yangling Shaanxi 712100, China)

Abstract; In order to clarify the effect of straw mulching rates on soil moisture, summer maize water consump-
tion, upper dry matter, yield and water use efficiency, a two-year field experiment with the method of ridge covered
by film and furrow covered by straw was carried out from June to October in 2015 and 2016. Straw mulching appli-
cation rates of 0( CK), 2 500(M1), 5000(M2), 7 500( M3) kg - hm > and 10 000( M4) kg + hm > were used in
field plots. The results showed that soil moisture decreased and water consumption increased under all of the straw
mulching treatments compared with that under CK. The average soil moisture in two years under the four different
rates of straw mulching werel1.93, 5.23, 9.47 mm and 11.54 mm lower than that of CK, at the same time, water
consumption were 0.51, 3.37, 8.78 mm and 11.01 mm higher than that of CK, especially M3, M4 in two years and
M2 in 2016 were significant ( P<0.05) than CK. Upper dry matter with mulching was lower than CK at seedling pe-
riod, while higher for other periods. The average upper dry matter in two years were 4.67% ,16.58% ,21.99% and
23.36% higher than that of CK, especially M2, M3 and M4 were significant than CK. The yield and water use effi-

ciency of M3 were better when the effective use of straw was taken into consideration. When compared with CK, M1
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and M2, the average yield under the treatment of M3 increased by 18.80%, 14.13% and 8.14% , average water use

efficiency was increased by 14.80%, 10.92% and 5.11%, respectively. Although the average yield of M4 was in-

creased by 1.77% and water use efficiency increased by 0.26% than M3, the results of the analysis showed that M3

and M4 did not have significant difference in two years, which mean that the rate more than 7 500 kg - hm™ had no

significant effect on increasing the efficiency of straw. Overall, it could be concluded that the treatment with 7 500

kg + hm™ of straw mulching under dual-mulching of ridge and furrow was preferable in arid and semi arid areas and

also helpful to improve the efficiency of straw utilization.

Key words: straw rate; yield; soil moisture; summer maize
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Table 1

Effects of different straw mulching rates on soil water storage in various growing periods of maize

FEFIHT Hi 1]
Seedling period

By I/ (kg - hm™2)

Year Straw mulching rates Before sowing

/el

Jointing period

R

Mature period

il

Tassel period

el

Grouting period

0(CK) 411.41£2.30a 455.61£2.91b 394.5+2.36¢ 412.73+1.41c 384.08+1.57a 394.23+1.88a

2500(M1) 410.37«1.41a 457.21£1.50b 396.97+2.53bc 415.74+1.30b 385.13+1.71a 393.67+0.61a

2015 5000(M2) 409.74+1.79a 458.82+1.66b 401.05+2.75b 414.02+1.47bc 382.05+2.47ab 391.47+1.96a
7500( M3) 412.41£2.52a 464.38+1.26a 407.23+2.22a 416.82+1.91a 382.59+1.96ab 388.23+1.16b

10000( M4) 410.07+1.26a 462.42+0.88a 408.25+1.55a 418.5+1.40a 380.24+1.01a 385.46+2.13b

0(CK) 401.15£3.48a 424.33+1.25¢ 416.28+0.83¢ 400.13x1.58b 391.55+1.08a 424.32+1.03a

2500(M1) 399.35+1.96a 425.08+1.66¢ 420.22+3.01¢ 401.56+2.62ab 391.56+1.05a 421.03+1.67ab

2016 5000(M2) 399.10+2.51a 427.55+0.98b 426.09+2.44b 402.98+1.86ab 387.68+0.73b 416.63+1.47b
7500( M3) 398.77+2.97a 429.41+1.52b 429.26+1.76ab 404.59+2.66a 384.75+1.29¢ 411.39£4.49¢

10000( M4) 401.44+1.01a 433.15+1.20a 433.03+2.15a 404.18+1.08a 383.57+2.22¢ 410.01+2.45¢

VE AR P RR 2 5% .3 (P<0.05) , Note: Different letters indicate significant difference (P<0.05).

H R 1 AT AL, B KRR R AT K & AN
TERE 25 (AMEE A B JEFE Sk R [ A5 AF
SALES RIEOKENZ SRR E, HINHT
FEARIR/ N, K IEFE E B LIRRRI 28 & b 3, A
[F] 7 i s 0 3 2R A M RIAE T, R B A
S Y3 A AR 2 kG i, b M4 kb FRALCR B
HIIE (P<0.05) ,M3 AbHIR Z (P<0.05) , 4 Ab P2 a

2 3R K B SIE CK B9 1.17 3,22 .6.93 mm
A17.81 mm, FITHAS AL IR+ R K 25 S g Tk
K, BR M1 Ak, HAe AR B X6 HEAH L35 3k 3] 8 3
#5(P<0.05) , 7> )48 Hn 8.18 .12.85 mm F 15.25
mm, ARG, B F R T B SR K A5
AT B, i T B B A I8 B A, 7 55 X
RRIGIZE & P04 R8s, B il a0 3 5 1 K



55 4 39

P 45 < A AT 0] 280 —on o L FOKAR IRE K ™ kB 52 ) 63

Ab PR KR AT, 7K A3 70 A2, PR AR R A K %
ZEMENE A | B AR M3 A M4 AR 3580 /K 475 i
FZRTMI(P<0.05) , HE CK 2 HE/NE 4.27
mm 1 4.91 mm,, VERIRIRA 58 A RE R, 78 55
HHEEr KRR AAIE 2 a M4 % CK A3 B 3%
P25 (P<0.05) , Bk M1 H3E /K 48 CK 38 110.53
mm A, oA Ak B 3 00 0 > 2,95, 4.15 mm Fil 5.91
mm, A B JE 5 55 A0 BT - R K
IR CK /b, M3 M4 5500 B AR HE ik 3t 3 1 22
5+ (P<0.05) , & AbHE 73 514 CK 987> 1.93 .5.23 .9.47
mm 1 11.54 mm,

22 AEBEHEBEZENKEBLZENZIN

TEAL DT S I B 5 | BT i A AT vl ol ok e 7 2
25 TR SRR R AR, s s SRR
Z T AR X O S 8, AT 384 A 1 = R i /)
TR R e G | R A P41 3l AR AT
/D MR K 32 R T 4R e AR AR O | G A R
%o i BTN AR AT B 7 R KA
T AR 2% A, PR F 3K o0 i o T s A
R 2 S K B B e M B 1) 3K RO, fi
S EF WK RO T 0, S X AR A H
HIFE KRR IR 2,

x2 ARABEAESENEERAEEFHFRKENZID/ mm

Table 2 Effects of different straw mulching rates on water consumption in various growing periods of maize

Gy B/ (kg - hm™?) HiY ELGIE Y] il TSI Y] 2EEM
Year Straw mulching rates Seedling period Jointing period Tassel period Grouting period Mature period  Full growth period
0(CK) 43.5+1.29a 67.01+1.09a 72.27+1.92b 43.35+1.18c¢ 62.15+1.84b 288.27+3.12b
2500(M1) 40.86+1.46ab 66.14+1.25a 71.73+1.79b 45.31+1.41bc 63.76+1.28b 287.80+1.45b
2015 5000( M2) 38.62+2.96hc 63.67+1.10b 77.53+1.53a 46.67+2.50bc 62.88+1.98ab 289.37+1.20b
7500( M3) 35.73+2.76¢ 63.05+1.73b 80.92+3.36a 48.93+3.37ab 66.66+2.56a 295.28+1.66a
10000( M4) 35.35+1.96¢ 60.07+1.44¢ 80.25+2.00a 52.95+2.40a 67.08+1.14a 295.71+1.82a
0(CK) 30.42+2.82a 77.45£0.74a 73.25+1.12¢ 60.08+1.97¢ 56.63+1.82b 297.83+3.92¢
2500(M1) 27.87+0.98ab 74.26+2.05ab 75.76+0.60c 61.50+2.18¢c 59.93+2.08ab 299.32x1.21be
2016 5000( M2) 25.15+1.53be 70.86+3.17bc 80.21x1.42b 66.80+2.27h 60.45+1.12ab 303.47+1.33b
7500( M3) 22.96+1.53¢ 69.56+2.67¢ 81.76+2.15b 71.34£2.01a 62.76+3.49a 308.38+2.62a
10000( M4) 21.89+1.65¢ 69.52+1.73¢ 85.95+1.77a 72.11+3.30a 62.95+2.84a 312.42+1.97a
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Table 3 Effects of different straw mulching rates on upper dry matter in various growing periods of maize/ (g « plant™)

4 BER/ (kg - hm™?) HiY B i WS A
Year Straw mulching rates Seedling period Jointing period Tassel period Grouting period Mature period
0(CK) 4.27+0.24a 23.60+1.29h 54.02+1.90c 114.50+3.15d 188.89+7.11¢
2500( M1) 4.20+0.16a 24.59+1.28b 56.43+1.81c¢ 121.27+4.76¢ 198.61+5.97¢
2015 5000(M2) 4.14+0.06a 25.67+1.07ab 61.66+3.40b 130.22+5.47be 222.29+7.92b
7500( M3) 4.17+0.09a 26.76+1.14a 66.19+2.23a 137.75+6.54ab 230.68+4.01a
10000( M4) 4.05+0.11a 27.56+1.95a 65.94+2.35ab 143.58+3.12a 233.46+3.53a
0(CK) 4.25+0.26a 23.74+1.58¢ 55.69+1.96¢ 120.87+3.84¢ 201.28+3.43¢
2500( M1) 4.15+0.11a 24.07+1.31¢ 57.14+4.88bc 126.95+3.89¢ 209.77+6.34c
2016 5000(M2) 3.99+0.10a 26.03+1.11b 62.56+2.14h 138.36+2.43h 232.58+7.14b
7500( M3) 4.01+0.14a 27.32+1.16ab 63.98+2.42ab 142.75+4.51b 245.28+6.99ab
10000( M4) 3.90+0.11b 28.26+1.26a 67.61+2.73a 149.04+3.28a 247.85+4.12a
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Table 4  Effect of different straw mulching rates on yield of maize and water use efficiency

MR (g hn?) R/ R Ejf/ R 2T S ks
Year Straw mulching rates  Ear length Ear thickness Ear rows weight Yield /(kg « hm™ « mm)
0(CK) 16.05b 47.14b 12.43a 27.97c 6624.75+268.96¢ 22.98+0.96¢
2500( M1) 16.37b 48.98b 13.17a 28.23bc 6764.92+233.65¢ 23.51+0.78¢
2015 5000( M2) 17.31ab 51.49a 13.63a 29.54b 7273.20+288.70b 25.13b+0.96
7500( M3) 18.30a 51.66a 13.53a 32.52a 7750.32+301.35ab 26.24ab+0.91
10000( M4 ) 18.41a 52.05a 14.1a 33.58a 7939.31+238.90a 26.85a+0.64
0(CK) 16.71c 48.23b 13.93a 28.19¢ 7083.33+£221.47¢ 23.79+0.91c
2500( M1) 16.98bc 49.62b 13.67a 29.42¢ 7514.28+288.31bc 25.11£1.06bc
2016 5000(M2) 18.13ab 51.91a 14.33a 29.84b 7786.02+261.10b 25.65+£0.97b
7500(M3) 18.68a 52.6la 15.33a 33.19ab 8543.31+291.38a 27.71+1.10b
10000( M4) 18.78a 52.74a 15.67a 33.92a 8637.2+276.95a 27.65+1.05a
3 W i AT, 5K S B R I, W&

TSR BB 25 0T 2 m PN L 3EK 435 15
mm (4 500 kg + hm™) F1 28 mm (9 000 kg - hm™) ,
[F] sk & 30 oK R 2 I 4 38 K 43 Bl s #2252 38
TG, AR DX — A P 2, AR PR A s i ¢ 2
(20 d ZiA7) , PROH AR SR PRI a6 4 7 8 3 O SO0 0 - 458
ISR, A B KA A AT A 3 K AR O K A ]
A BT BR AR TR I K 53 22 S5 6 oK A2 B IBITFE K

3.1 ARBEFEZEXNTEKSHRN

TEH TR UK KBTI = — EOR i 24k
A= Y SRR R, 2% 9 b AR A S R T
AT LA AF B Z Rk 2 Sl v P B a2
FIOHE TR B AN T, AT il 2 b PR X 0, i
HERTZIR YRR R T 22 53 PR e ' oK
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