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Effects of irrigation amount and degradable membrane mulching on
soil respiration and yield of drip-irrigated corn

WANG Feng-jiao'*, WANG Zhen-hua'?, LI Wen-hao'”
(1.College of Water & Architectural Engineering, Shihezi University, Shihezi, Xinjiang 832000, China;
2. Key Laboratory of Modern Water-Saving Irrigation of Xinjiang Production & Construction Group,
Shihezi University, Shihezi, Xinjiang 832000, China)

Abstract; In order to investigate the relationship between irrigation amount and degradable membrane on the
dynamic changes of soil respiration in drip irrigation field and its influencing factors and yield, a suitable
degradable membrane and irrigation amount were sought. In the plot test, three irrigation levels were set as W1 .
4625 m’ « hm™ , W2.5625 m® « hm™? and W3.: 6 625 m® + hm™ , and two degradable membranes as M1 ; induc-
tion period of 60 d, M2 induction period of 80d and ordinary plastic mulch (M3). We studied the effects of differ-
ent treatments on soil respiration rate, its influencing factors, yield, etc. The results showed that the daily change
of soil respiration rate showed an unimodal change, and the highest value appeared at 14.:00. The soil respiration
rate increased first from the seedling stage to the mature stage, and the maximum value of the W2M3 was 7.89
pwmol + m™> + s™'. There was a significant positive correlation between soil respiration rate and soil temperature and
air temperature, and no correlation with soil moisture content. The soil temperature sensitivity coefficient Q,, varied
from 1.584 to 2.034. The soil respiration total range during the maize growth period ranged from 17.75 to 23.44 t -
hm™*, and the grain yield ranged from 11.60 to 12.81 t + hm™. The Q,, of W2M3 was 2.034, the total amount of

soil respiration was 23.44 t + hm™, the yield was 12.81 t - hm™, and the economic return was 6 815 yuan - hm™,
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which both reached the maximum values; but iWUE was at 2.28 kg + m™ and was the maximum and the economic—

environmental benefit was 1.83 kg + kg™, which was not optimal. The maximum value of iWUE in W1M2 was 2.51

kg + m™’, and the economic—environmental benefit of W2M2 was optimally at 1.42 kg + kg™'. Through comprehen-

sive analysis of soil respiration total, grain yield, economic-environmental benefit value, income, iWUE

relationship model, the optimal irrigation amount was 5 625 m’ + hm™>, and the induction period was 80 d.

Keywords: corn; drip irrigation; irrigation amount; degradable membrane; soil respiration; yield

R A S R G KRR R - R
SERABRIEN 4 £, E3EPIRIT R DS RE T ES
ANFE ST A, A+ NI AE 2 —Fh A S A
Yifbepd 2 e B AE YN AR N LA K
A PR R (R B2 ] T 8 0 30 R R R g - g
WP AE R SCE N R . N EERIEBDR A, T
A P HR i B4 B8 T SR 2 EE N S0 Bl vk 1) B ok
R, P R G Y S AR e S
FIRERA A CO,MREE R A, 1 LA 38Ry SERl 0 A
H A S R G he s AR 5 W, XA HAE R R g h
(%) A HEIF I A T A 2 (0 BIF T, 3 X6 A A 4 R i 1 34
B O A o 4 BR AR AR AL, R R ARIR AR L B A
T EBENEX,

FOREMHR =R EEY Z —, HA R T
WHEZFMHE, EAFEdh2EREE0
25% ") AERIN L TEAT 2 & TR A sUR ) TR
VYL DX K Al 1 BURAE 77 1 28 2 4 1 A
B 50% , 2016 48T ERFE R AR ] 9.19 T
hm®, (5 A% Rl BT R AY 14.78% , 2016 4F 58
FEoK Ik 663.87 1t 5 TR A AR
44.54% . Frim AR FH K o5 e H K S = 19 90% LA
BB B R IT 2 B R K A I T T R K
B} 3570~6 370 m® - hm™?, EK /78 AE 13 061 ~
14 929 kg + hm >3 il P, Bl T /K S 38 0, oK™
A R I

1996 4B B T e 4 R 24 T Tk
TR E K 2.0x10° hm? | # K HIAESh T 55 8 4 X
AV i S R (FE: i 2 i %) K 30 0
B Y 1A e B s A M R R F — S H K R] R
BSR4 8 52 10 a BRI HEAR AR R (259«
36.78) kg « hm ™ ; 5% B 52 0 AR X 7K BB Wi | 52 i
HENPIR AR+ SRR | AR SRR e R
T 68 A R P el FH 2 i R B T % ) A 8 422, 2014
A st b DX 7 FH ) T R A Bt FH T Bk 3720
hm? | A B A %) A fe 7 FH TR AR 25 3 i 3 i,
DA 15X 5 S K TR R o fogt K S 37 9 oK
- BT B 5 B D, AR S K R, B SR
IF) 7 2 AR T [ e T 38 oK A SRR g Rz 4% A

FZEIMER, I B G H R, D ) 5%
FEE 3 T R K 43 1) e s8R AR R R S
1 MRS
1.1 R X#ER

KT 2018 4F 4 H—2018 4 10 A ZEIAR T K
VHE TR A 0 S 6 2 R A T T R 2 T K R
IRV (85°59'E 44°19'N 4Kk 451 m) #E4T, HAK
PV AN O P T A R SR e i S Y SR ] B AN
LRI 3% V- T R 6%, 35 H BREC K
2 865 h, ZAE /K 207 mm, EXKAEF M H
SIRA 26.61°C (K 2) P78 k& 1 660 mm, 43
i 7.7°C , Hf>10°C RN 3 463.5°C, >15C RN
85°59'0"E

85°58'30"E 85°59'30"E

44°19'30”N
44°19'30”N

44°19'0”N
44°19'0"N

85°59'0"E
1 RBEXAAE

Fig.1 Test area location

35— T

m— % ] 5t Rainfall 120
Average temperature

w

=
[% i & Rainfall/mm

W

“F 15 FF Average temperature/C

[od 1k i, ] L

05-01 05-02 06-09 06-29 07-19  08-08 08-28
H ¥ Date (m-d)

2 EREFHHYEBEMERE

Fig.2 Daily average temperature and rainfall

during corn growth period



555 3]

T IRVIBE A« K B B v R i R e X T oK - AP K 1 5 )

3

2 960.0°C , LR 170 d, # F/KHEE AT 10 m, +
Heffi A R+ 0~100 em FHTAHE K 1.60 g -
em™ , T IREKR (it 57K %) 18.65% .,
1.2 RWEHE

AGRES LU F KRB E 667 AWFFEXT 4, & F
BRI S 1 H B — B U AT (81 3),
JEYE N 1.45 m, BAERIEE N 60 em , 4THE°4 30 em, #£
B4 20 cm, BRISARECH 82 500 #k - hm ™ 3EFPIRE
H3~4 em, RH/NXIRE, BA/NXHAE N 5 mx
4.5 m(KxFE) = 22.5 m*, I 5¢ 4 A 1) B firk g
(MBI = Z R4 PBAT, 43 BARiE Rk M1 . M2) |, H
I G R A RS R A, M1 JERE50.01 mm,
SR 60 d, M2 JEE A 0.01 mm, %584 80 d,

S B 2 SRR M (M3 F S RO 2 AR A
M3 JEEEH 0.01 mm, FEKBEE 3 K- I 4 5y
Wk 4 6255 625.6 625 m® - hm2 (4 H5C N W1,
W2 W3) o NMbB B3 REE , 4T IEK
10 YR, HE K B K B AR S B 45 ik 9t 5
] £ T ¥~ B 8] 300 4% 37 30 A T E T oK HE T 7K F- S PR
SEFHE . P,05:120 kg + hm™ K,0:90 kg + hm™
LTBMIEIE, R 20% S50, e 3B TR A £+, B
YR L 2 2 HE R e S S, D it A ot AR EE , 452
BRI AE LR 1, T P AR ok
TR GBI RO A F A7) L AME 16 mm, BEJEL 0.3
mm , i3 8 30 em, ks 2.6 L - h™' . 2B
FIH KRR, 25 Ab B K Fe il K i

ESP/S
Corn
H 5 T
Plastic film JIEE A 4 b Drip irrigation
Bare land capillary
tside the
PVCH v
PVC ring membrare
/
° ] & | © ] O
0.9m 0.9m |
—0.3 m— 0.6m +—0.3m—

B3 EARMERXE

Fig.3 Corn planting pattern

R1 ERBEFHEKERELE
Table 1 Maize irrigation and fertilization treatment
TR it TR it TR it
AT PN JE 4 49 G £ JE E 1
Growth Number of  Trrigation,  Irrigation and Irrigation and
period days/d fertilization  fertilization  fertilization
cycle/d times ratio/ %
T
B 0]
Seedling stage 35 30 ! 10
S 30 10 3 20
Jointing stage
i‘mt’El@} 21 7 3 45
Tasseling stage
S
R 20 10 2 15
Filling stage
e
g 17 15 1 10
Mature stage
LEFW
Whole growth 123 123 10 100
period
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Table 2 Classification of degradation degree

of different treatments

pg:t BN )G REL Days after mulching/d
Treatment 30 50 70 90 110 130

WiMI 0 1 2 2 3 4
WIiM2 0 0 1 2 2 3
WI1M3 0 0 0 1 1 1
W2M1 0 1 2 2 3 4
W2M2 0 0 1 2 2 3
W2M3 0 0 0 1 1 1
W3M1 0 1 2 2 3 4
W3M2 0 0 1 2 2 3
W3M3 0 0 0 1 1 1

0 ARk HBIZRAE 1 AR IT I I BLREL 2 SR 1 ]
25% ML T AN/ VRS 3 AR IBIR L B 2~ 25 em A4 YRR
MM R B 5] AR SR, TR B IRATAE ;5 RFR RN 4 cm
x4 em DL TFREF .

Note; 0 indicates that no cracks appear; level 1 indicates that cracks
begin to appear; level 2 indicates that 25% of the film in the field has
small cracks; level 3 indicates that the film has 2 to 25 em cracks; level
4 indicates that the film has uniform network cracks, no large block
mulch exists; grade 5 indicates that the mulch is cracked into pieces of 4

cm X 4 cm or less.
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) - T I H R AR 323 H A, X 53 AWF 5T 45
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B P A SRR PRI SR B 5 R Y, TR — MR
TEARFVEK AT, A0 0 5 38 2% R I 3 (P<
0.05) , 7£ W2 JEKIKF-T, 14 = 00 (1) - FErF g i %
W2M3 & W2M1 \W2M2 & 4.44% 1.61%.,
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Table 3 Diurnal variation of soil respiration rate under different treatments at heading stage of maize

AbER 7 H 20 H July 20
Treatment 6 : 00 10 : 00 14 : 00 18 : 00 22 : 00 2: 00
WIiM1 1.15+0.16e 6.09+0.08d 9.57+0.13d 7.15+0.17e 5.26+0.11d 2.45+0.08d
WIiM2 1.37+0.14¢ 6.24+0.16¢ 9.76+0.08¢ 7.32+0.09d 5.53+0.07¢ 2.68+0.12¢
WI1M3 1.58+0.08a 6.58+0.15b 9.98+0.13b 7.69+0.17b 5.78+0.15b 2.87+0.06b
W2M1 1.26+0.02d 6.18+0.23¢ 9.69+0.21¢ 7.48+0.06¢ 5.61£0.23¢ 2.63+0.14¢
W2M2 1.49+0.11b 6.46+0.19b 9.96+0.07b 7.73+£0.23b 5.85+0.14b 2.85+0.26b
W2M3 1.67+0.21a 6.89+0.07a 10.12+0.16a 8.05+0.16a 6.12+0.20a 3.24+0.24a
W3M1 1.28+0.07d 6.23+0.13¢ 9.74+0.09¢ 7.52+0.05¢ 5.57+0.08¢ 2.69+0.17¢
W3M2 1.49+0.15b 6.51+0.25b 9.93+0.17b 7.78+0.28b 5.79+0.16b 2.93+0.13b
W3M3 1.57+0.09a 6.73+0.06a 10.06+0.23b 7.92+0.12a 6.08+0.21a 3.18+0.15a
R E A (F{H) Significance test (F value)
W 27.957 201.518 8.172 53.849 81.152 106.893
M 15.693 " * 46.684" * 37.528 " " 62.978" * 74376 * 25.876" "
WxM 21.263* ¢ 18.538 " * 57.296 * * 78.365" * 9.753* * 124.629* *

s+ FORWHEZER(P<0.05) , # « FoRRLF RS (P<0.01) ; [FIFBUEF A 7] FFF R AL BR A 2 35 22 5 (P<0.05) o W M Z3 5l iR 3%
FRE K o | T RREAR RS N R R H AR AR SE IR, Wx M J& 35 fss AR . IR,

Note: * indicates significant difference (P<0.05), * #* indicates extremely significant difference ( P<0.01) ; different letters after the same col-
umn value indicate significant difference between treatments ( P<0.05). W and M are the effects of single factor irrigation and degradable membrane on

the daily variation of soil respiration rate, respectively, WXM is the interaction between them. The same below.
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Table 4  Soil respiration rate at different developmental stages of each treatment
Qb2 Hi AT i3] TSR A
Treatment Seedling stage Jointing stage Tasseling stage Filling stage Maturing stage
WiMI 0.96+0.01e 3.29+0.05d 6.36+0.05d 4.26+0.03e 1.46+0.05d
WIM2 1.07+0.03e 3.58+0.06¢ 6.79+0.04c 4.58+0.06d 1.67+0.04¢
WiM3 1.25£0.02¢ 3.97+0.03b 7.15+0.07b 4.96+0.02¢ 1.95+0.07b
W2M1 1.16+0.02d 3.64+0.02¢ 6.83+0.02¢ 4.63+0.02d 1.59+0.02d
W2M2 1.39+0.01b 4.02+0.01b 7.25+0.07b 4.97+0.05¢ 1.93+0.04b
W2M3 1.68+0.01a 4.51+0.03a 7.89+0.02a 5.46+0.06a 2.39+0.02a
W3M1 1.23+£0.01¢c 3.72+£0.07¢ 6.91+£0.02¢ 4.53+0.01d 1.63+£0.02¢
W3M2 1.34+0.03b 3.95+0.02b 7.19+0.04b 4.92+0.03¢ 1.76+0.04c
W3M3 1.41+0.02b 4.09+0.06b 7.31+0.01b 5.15+0.04b 2.04+0.01b
R EMHAGE (F{H) Significance test (F value)
w 18.782 " 26.619" 20.295 " 24.125* 8.481"
M 28.161 " * 61.146" * 100.637 * * 108.062 * * 55.374* "
WxM 26.466 " * 46.648 " 71.757* " 106.921* " 35.905" *
x5 BREIEFRERSTERE TEERAKE AHER EWENHEXRY
Table 5 Correlation coefficient between soil respiration rate and soil temperature, soil volumetric
water content, daily average temperature and rainfall
Ab ¥ TR T IERFE KA H i e ol
Treatment Soil temperature Soil volumetric water content Daily average temperature Rainfall
WiM1 0.742** 0.158 0.768 " * 0.218
W1iM2 0.785* * 0.387 0.659" " 0.179
Wi1M3 0.769 * * 0.289 0.749" * 0.168
W2M1 0.838* " 0.429 0.712* 0.231
W2M2 0.819* " 0.316 0.637* " 0.326
W2M3 0.846" * 0.297 0.675" " 0.276
W3M1 0.867* " 0.318 0.697 " * 0.352
W3M2 0.832* " 0.369 0.759* " 0.165
W3M3 0.768 " * 0.436 0.816" " 0.379
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Table 6 Fit equations for soil respiration rate and soil

temperature (¢) and daily mean air temperature ( T')

) 5 nf | !
i II{lJiZiIn R? Q I[{(ijizlﬁ R?
Treatment g . 10 8 .
equation equation

WIML  y=0.517e*™"  0.6283 1.584 5=0.147¢"%" 0.6438
WIM2  y=0.663¢*%" 0.5893 1.878 y=0.328e""" 0.6124
WIM3  4=0.867e"™¥ 0.7641 1.616 y=0.518e>""" 0.5987
W2M1  y=0.784e%%%  0.6739 1.751 y=0.346e"%2" 0.7124
W2M2  4=0.958e>0%  0.7452 1.462 y=0.423¢"%%" 0.7358
W2M3  y=1.136e""7"  0.6483 2.034 y=0.618e>"""" 0.7643
W3MI  y=0.826e*%  0.6028 1.699 y=0.417¢""%" 0.6539
W3M2  y=0.897e%%"  0.5943 1.6 y=0.489¢"%!T 0.6782
W3M3  4=0.976e>%" 0.7865 1.878 y=0.523¢0°"7" 0.6159
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Table 7 Total soil respiration, grain yield, irrigation water use efficiency and economic-environmental benefit values of each treatment

b FHEPI R R/ (- hm?) FPRIE R/ (- hm ) HEBKFIHRCE (kg » m™)  SHF—IRERLEA/ (kg « k™)
Treatment Total amount of soil respiration Grain yield iWUE Economic-environmental benefit value
WiM1 17.75+0.67¢ 11.60+0.59d 2.51+£0.08a 1.53+0.05d
WiM2 19.72+0.32d 11.81+0.37d 2.55+£0.09a 1.67+0.03¢
WiM3 21.05+0.54¢ 11.76+0.32d 2.54+0.14a 1.79+0.03ab
W2M1 20.34+0.64c 12.48+0.47bc 2.22+0.12¢ 1.63+£0.02¢
W2M2 18.13+0.57d 12.77+0.32a 2.27+0.13be 1.42+0.05e
W2M3 23.44+0.56a 12.81+0.65a 2.28+0.09b 1.83+0.03a
W3M1 18.42+0.53d 12.36+0.43¢ 1.87+0.13d 1.49+0.06d
W3M2 20.89+0.89¢ 12.51+0.76b 1.89+0.09d 1.67+0.03¢
W3M3 21.91+1.54b 12.59+0.53b 1.90+0.11d 1.74+0.02b
RIS (F{H) Significance test (F value)
W 4.67" 11.89" 27.98" 9.75
M 8.97" 17.89 76.85 81.97"
WxM 220.91" " 99.22** 218.70" * 59.54* "
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