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T HE W5 P 1RGO B 13.23%~18.53%. T 7E
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Fig.1 Daily meteorological data during the
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growth period of summer maize in 2021
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Fig.2 Schematic diagram of drip lines and soil CO,
sampling sites under different irrigation methods
R Ay Bl 6057, M 47 #H 50 cm,
FRER 30 cm, A% 67 500 #k/hm® (& 2). Tk T
6 A 11 HHEF, A HUGEREIE (BEIE 105 kg/hm?,
FAE 105 kg/hm?. &UIE 60 kg/hm?), A2 & W1 FEiE sk
500 gl R AN CRmRIWU e
HERA ESRIA(GR 1D3T S 585040, R FAO-56
H#E#E 1) Penman-Monteith A xUiTHH S /EW T K E
ETo®, K ShrtKR ET, 1A% 36 mm K
(ET=K>ETy), Ko ZIEREALL G518 2 X 2 &
KIVEM A% (051, 0.75. 1.13). AS[EKLEE[KIHEK
BN ET, (36 mm) Fl 75%ET, (27 mm). 433
FESREH . ORI k] S ST 7K T 2
fIEE, 3£ 140 kg/hm?.
k)1 B2 RERAMRN X
Table 1 Summer maize irrigation and fertilization schedule
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EX=p E2- Gl U N 1VIN I N AN it R 1723 £ 572 1
FEKTENETEOL MEKTENE  HE/KTtAE K BRI REAKTEAE

1.3 METB 5%

1) -3 co, HEum &

T4 CO, Hip@E T 7 A 14 AFFEIE, 5/
WsE 2 0, 4y E RUE R 08:00 #EAT, JEE
WEAKJGES 1 KA 3 K. I RA Li-8100A
(Li-Cor, USA), Il & 5 iz B T3 45 o [H] A\ 10
cm B, 3 CO, HEiuE Bt 5 Py

_107Py (1 ac!

€T RS(Ty¥273.15)0t (D
K. Fo AT CO, HEGE SR (umol/ (m*s)); V
AR (em®); Po NEG#R (kPa); Wy NHIUHKZES

JBEIR 534 (mmol/mol): R VBEAR SR H 4, 8.314 )/
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TE T KA AV AR IR S 5l B T KR X B
i 0~20 cm 38, HFEE RN S BRGSO, SR 75
MRS AE PR AT IR A 7] 0 S0 o R ity X 7
e A S R & (R MilE
- S R T A - 93 i S
4) 3K RS KFLER
FEDN 5 3O IRGE R RN, FIA testo BRARIR
BT RYNE TIN5 iR AT 10 om VR 3R, RE 10
om YA () HIEAE 105 CHET, I5E IR B KR,
HIs (3) 83 KILBRE (WFPS) P,

WxD
(1-D/2.65)

Ao WALBRES/KE (gig); D NLIEARUR
& (glem®).

5 EXK/E

TR T R ASOR,  WOERIN BN IISTEL 10 #R &
K, BT G R
1.4 #IEALIE

¥ F Microsoft Excel 2019 #E4T #4534 5 &%
221, SPSS 24.0 AT M, HRHXEH Z K
FNEBAT I A B E R (6=0.05).,

2 BRSO

2.1 EEREBHALIE CO HIMMETH TR
HEKH A CO, HuUE & X AR #E K 2 A
K5 AR B e B A 3 Fow, HEAK R EAK T U
R HAERMAFEAE 5 CO, HEBGE M 1) &
EHEANTUR 2 Fim. 4 F W B UOKIESERN 5,
T3 CO, HEBOE &7 b 5250 BRI IG i B3 s (1 AR Ak
&, H3d NI RIEE: £FERLTRERK
HERCIRAS, BB I ss . b &4 E K IRt
NS 1) H 3 CO, HERUB R IE(H R B, k171 36DI 4b
I HEBGE A 7.07 pmol/ (m? 8), &3 & T HiAh b
H (P<0.05), 36ADI. 27DI. 27ADI &b [A] TG 5 3%
ZE 5 NI A 4 A0 EE A BB 3 25 5% (P>0.05);
KW\, 36D1 A FE [ HEBOE & 2K T HAh 3

WFPS= x100%, (3)

AN FR(P<0.05); fh#ER, 27ADI AbH {3 f L 36D
36ADI. 27DI 4L FE 43 54K 10.18%- 15.00%- 38.94%;
WESR I, 36ADI AL H I HEOE &5y, 439 L 36D
27DI. 27ADI Ab¥H 1 7.85%. 38.99%. 13.35%. WK
T RNEE 7K 5 SAE RN 1 b e 2 2 T 2 A S5 2 42
T AL 38 CO, HEL (P<0.01), H —#HZXHAE
FHAHIA B3 KF (P<0.05).
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Fig.3 Seasonal variation of daily soil CO,
emission flux in different treatments
%2 AR BEMAR AF LK CO,
HAHGBZ R B E R SAT
Table 2 Significant analysis of the effects of different

factors on soil CO, emission flux at different growth stages

% PRATHA NI ORI s R
K ns ns ok *x *x
WEARTTA ns * ok *x -

FEK =K T 20 * ns *x o *

o OFRORFE RN 8 COp HEHGE RN R (P<0.01); *FREER
X 35 CO, HERGE B 52 B3 (P<0.05); ns TR &0 3 CO, HEBGE
HEILEEMm (P>0.05).

2.2 BEEKTIE CO, RIHM = T WHHE

ANFEAL B E FORAFAE R B 1% CO, R
AR A A a5 SR W3R 3 PRI, Rl —#EK
BT, ADI Ref R 13 CO, BRI E.
36ADI. 27ADI 4 EARFECE 53 b 36DI. 27Dl
AL PR/ 19.65%7F1 4.93%, H. 36ADI 4LFE AN 36DI ik
HEREE (P<0.05). HEW#EKT%M4 T, 36DI
AERI 3% CO, RAHEGR W& = T 27D1 B, 1M
36ADI AbFEAI 27ADI AbHEE] TR 2 . ANImL
W, MFHEKESMET, 36ADI. 27ADI A 1%
CO, ZFHEME AL 36DI1. 27ADI Ab#HE & Z K
15.53%. 7.24%; #H[F#EKTTT, 36DI. 36ADI 4k
L% CO, RIRHFMERL 27D1. 27AD b3 & H
15.59%. 5.27%. KWW\, &% kb3 a] i) SRR
BLEEZER. whifEy, 27D 4% co, it
HEfjcER B 2w T HAh AL R, 36DI. 36ADI. 27ADI At
B8] J0 123 72 ) HLAG TR KF o ESRIY, AHRIEZK
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&=, ADI PR R E BT DI AR A
[FREK TR, CO, REHEMEZHEK EANFEK 7 20
2 H AR i 5535 B0, 36D AR B 27D1 AR PRI 4.04%,
36ADI 4 LE 27ADI Ab 5 3.36%, (H 22 AN R .
T H oKk 4 E W 3% co, 2R E, A

[ K KF R, 36ADI. 27ADI 4B i1 +1% CO, B
HEfiE L 36D1. 27D1 AbFE B K 13.56%. 11.48%;
HHEEAK TR, 36D1 ALEER) +3E CO, BRI =
AT 27D1 AbFE 2 = 5.56%. 36ADI 5 27ADI
Ab PR BT 3 2

A3 FRREZEERATFR AT MHNLE CO, RBHKE g/m?
Table 3 Cumulative soil CO, emissions at different growth stages of summer maize in different treatments
b HATH NI T3 BRI I 3 Tl R LEEM
36DI 155.2341.93a 221.9342.91a 186.1546.63a 129.0245.47b 192.3542.70a 884.68412.29
27DI 119.18+46.49b 191.9948.25h 174.1145.70a 152.3342.62a 200.4542.73a 838.08424.56h
36ADI 124.7246.24b 187.4744.36bc 168.6548.67a 131.6948.13b 152.2045.26b 764.74210.50c
27ADI 113.3042.92b 178.0943.33c 169.8748.57a 133.40#4.11b 147.2542 53b 741.9149.14c
HEKE 0.000 0.010 0.338 0.012 0.542 0.013
AT 0.001 0.000 0.075 0.069 0.000 0.000
FEK KT 0.007 0.023 0.247 0.023 0.030 0.307

VRS RFRR S A % 5% (P<0.05).
2.3 BEKERAR T IRERE
e S Tt 1 il N - A i U T T e bk - 3
i v S R T, K M A ) 40 B )
AR DX SR Tt 1R il A It U 1 1] 4 o, A
HAN A FRER IR & AL B AE P<0.05 /KF 2257 % . 1R
DX A S P T P I 1 S AN [ Ak B g i LA 2

241.45%. 100.73%. 80.92%. 65.85%. 50.12%. 36DI
b B ()P B BRI PR B /)N, N 1.06 umol/ (d g)s
36ADI ALFEAN 27ADI A2 (B ZE AN EE . AR AL
B2 [A] Y FORAR X 38 I S A 2 7 (B 4(b)),
() - SR g R Wl v M 2R AL, 4 N A R
Fif 3% 1 1) B3 KA BILAE 27D A3, 36D AL BE A /N

(4 (a)), Hrdr, 27D &3 BB BHETERE 2 D ADIARFE T, 1@ IX 1 HIERE Y L2 5, IF
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Fig.4 Alkaline phosphatase and dehydrogenase activities in the root zone of summer maize in different treatments at the tasseling stage
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Fig.5 Seasonal variation of soil WFPS and soil temperature during summer maize growth period
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K 4 NAFKEE T L3 CO, HEUE B 5 IE .

WFPS JZ /RGBT 4 e o - Ab 3 ) 13 CO, HEfK
WS TR . WFEPS #F IEFXE R, 27ADI 4b
R CO, HEBGE B 5 135 WFPS. iR LA 1
M. AL, 36DI. 36ADI ALK CO, HERGE B 1
5 LR FEAR W3S TEA O, 5 88 WFPS 224K,
27DI 4LFR CO, HEmuE & B IR A A G E &
BE, (A5 1% WEPS AHOCHE R ZE . ) He Ak 2 ] £ 3%
CO, HERGH B AN -3 5 . WFPS [IAHISIC R, 4
K77NF N DI A EERT, #EKE 36 mm Ab#EER) CO,
HemoE & 5 385 L WEPS fAR SRR T HE/K & 27
mm AbEE, H ADIEZK 7 2R 4 FEMIAH &, X 356
T3 CO, HERUHE & 32 /K A EAE RN 52 ] 6 A
545 H T OREEAK T 20T 13 WFPS. IR 5 13 CO,
HEBCE R oA Gt i L&, UESE 2 FpigE K 7 20

9 COilE

o N 1.980
2410
8
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3.270

7 L °® 3.700
909, 4130
6 4 4560
st 3 P 4.990
o A4 A 5.420
4 } 0q9 \ . o 5.850
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CO,j@E/(umol m?-s™)

07’\\\ Z
2z, o > 4 C
251, R o
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(a) ADI & 32

2.6 BERF=EXNTREIERE R A0 N
R 6 NI TR BRI AN R M B I PR

KA BARRS, T HAKHREAELE DI ADI &
AR R EEM . T H, HE 6 A1 5 AN, ADI
AL PRt CO, HFBOE &5 3% WFPS. il 5 1AH ¢
PEEE, 1 DI ARFA SR ¥, W BAREK TS 50
ADI A3 138 CO, HEHUR /K A B BUR L & T
DI 4b3,

k4 TR TREERAAFHHLIE COHMBES

B WFPS & /R3bAa X F 4
Table 4 The Pearson correlation coefficient of soil CO, flux,
soil temperature, and WFPS during the whole growth period of

summer maize in different treatments

s WFPS I

36DI 0.457" 0.747"

27DI 0.389 0.540"
36ADI 0.484" 0.558™
27ADI 0.655™ 0.654™

R R (P<0.01), *HOCHEEE (P<0.05).

CO,jlE/(umol- m™s™)

(b) DI 432
B6 RREKGXEE CO,HEE L L3 WFPS, BB A& &Hid

Fig.6  Nonlinear surface fitting of soil CO, flux with soil WFPS and temperature under different irrigation methods

A4 AN RS TE] ) KRR 2 7 T, 36D1 AR E
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16.45%. 13.34%-. 9.54%; 27ADI fbEEFIF=RIXZ .
VEIKE . WEIK O 2 A2 HARE AR R 35 5 ) R OK
. ME/KEN 36 mm i, 36DI 4 H =& T 36ADI
AT, X5 HEKEN 27 mm B KA EOR/ME R,

27D A= EAKT 27ADI AR, 243EK A DI
AbFE, 36 mm JEK B AL R KR L 27 mm K E
REFE s 4uE/K T RN ADI AbEERE, 36 mm EKE
AL PR KPS EE 27 mm EK B AL A

%5 REEAKG X LE CO, #8285 13 WFPS, B3 & oy @ ind H 42

Table 5 Nonlinear surface fitting equation of soil CO, flux with soil WFPS and temperature under different irrigation methods

S ADI DI
T z=a+hx’+cy’+dx+ey+xy z=a+bx2+cy’+dx+ey+xy
a 1.087 13419.178 52 -20.588 98425.735 02
b 3.042 70+14.983 54 -14.338 16415.457 02
c -3.342 18x10740.023 12 -0.015 4526.030 84
d -13.453 66421.785 07 18.548 28423.395 37
e 0.055 85:+1.318 54 1.235 03:.756 63
f 0.652 8140.738 53 -0.174 7540.914 87
R? (COD) 0.530 57 0.460 78
%5 R? 0.467 13 0.38374
%6 TNRAAETRERFZRIENSN
Table 6 Significance analysis of summer maize yield in different treatments
pse 36DI 36ADI 27DI 27ADI HEK HEAK T HEK KT
FoE/(kghm?)  8280.47#127.63a  7095.96421.92d  7302.82467.50c 7 559.02+109.32b *x *x *x

o RSARF RN S B2 7 R (P<0.05); **F R IbHFZ X~ EmikEE (P<0.01),

33t iR

VK AN K 7 Ol i R - 3K IS A T R
i - S B I PSRN A e v s R R B3
MM XF 35 CO, HEBG A5 . AR TR, 7EFK
AR AT T A L E e R 5 s> 13 CO,
SRHER, X 5 XKV 5t 45 A — 5. ADI AbEE
VERAZ B KT, B8 T HE E50K s s,
B T VR X K 4 e B8, S e T A A R
DI sb#frE iR 2 7P, st g, mT
FEAK T ARG R 3 CO, HEM A1 5 35K
MR, XEARHRER - (K . mH,
AWFFRFE, ADI ZFELE DI AL 1-3E CO, HEK S
WFPS 1388305 B 1 AH DGV B 2 2, 15080 ADI Ab 3R
35K AR T B AR L CO, B E Ak,
87K 43 F0 - 398 5 A3 s 5w 35 P R A ) 5 A
S B EEE PR b CO, BHERET.

AR, fhtERE KA S 36ADI A EE A+
el TE S 36D1 AL BRI 2% =, I H 36DI 4b B
55 36 ADI 4b B 8] [ 1+ CO, EFAHER T . % 57
27ADI| A FER T IBEGIE AT 27D1 4b3E, 27ADI &b
) L3 CO, RFHBURE Z (KT 27D1 4b3E, XW]
Ae T3 CO, HEl S - 3ol 1t ik 1R T 0 it S I
TFEMXRR, X5 FREEP. ke mm—
B RUCHER L U0 5 B TR R
RIX GRIEX) R g, EARF+ ADI Ab#
T AR v X S B R ey 5 I S AR, I AT
B 5 HIE AR BR . PR AR AR ORI, (B R A R A
36

ML T — DA

KA, AR E B S K = ARG N 14 CO,
SRR AR R A & B B HE s 5 35
IKARGEONE CA K 3B M S 0. Forh, e AN
I3, 36DI AbFE ) 13 CO, HEHUE & AKX T 27DI
AbEE (P 3), 36DI AbFHE 2 ANIF I 3 CO, Bt
2 HIEL 27D1 AEFRAK 18.07%H11 4.21% (£ 2).
TAB A AE SR K AR BER f=, 36DI1 A EEFA 27D1 ik
A R R S, k] 3% WFPS
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length and diameter, leaf area index, and SPAD content. In contrast, multiple topdressing improved spike length and
diameter, kernel numbers per spike, and 100-seed weights, ultimately leading to an elevated yield. The grain yield
depended not only on topdressing frequency but also on when and how the fertilizer was applied in each topdressing.
For example, in the multiple topdressing, applying fertilizer during earing and tasseling stage reduced the kernel
numbers, 100-seed weights, yield, and fertilizer use efficiency. Aligning fertilizer application with plant requirements
in the multiple topdressing was critical to improving plant growth. Among all treatments, topdressing 11 times was
optimal, with the yield reaching 7.36 t/hm= irrigation water use efficiency, water use efficiency, nitrogen use
efficiency reaching 3.27 kg/m31.25 kg/m=and 24.52 kg/kg, respectively. [ Conclusion] Increasing the frequency of
fertilizer topdressing proves to be a highly effective strategy for improving maize growth and yield in aeolian sandy
soil, presenting a promising approach for optimizing fertilization in this region.

Key words: nitrogen fertilizer; drip irrigation; aeolian sandy soil; fertigation; water use efficiency
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The Effects of Irrigation Amount and Method on Soil CO,

Emission and Yield of Summer Maize

YANG Le? CAO Hui'?, FU Yuanyuan®, GAO Yang®", LIU Zhandong®
(1. Institute of Filed Irrigation, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China;
2. Graduate School of Chinese Academy of Agricultural Sciences, Beijing 100082, China)

Abstract: [Objective] Maize is an important staple crop in central and northern China, and during certain seasons,
its cultivation needs irrigation. This paper studied]s the intertwined effect of irrigation amount and method on soil
CO; emissions and the yield of summer maize. [ Method] The field experiment compared two irrigation methods:
conventional drip irrigation (DI) and alternating drip irrigation (ADI). For each irrigation, there were two irrigation
amounts: 36 and 27 mm. In each treatment, we measured CO, emission using the Li-8100A. We also measured soil
enzymatic activity, soil water content and temperature, and grain yield, from which we analyzed the dependence of
soil CO, emission on soil water-filled porosity (WFPS) and soil temperature. [ Result] Compared to DI, ADI reduced
cumulative soil CO, emission by 12% to 17%. Increasing irrigation amount from 27 mm to 36 mm increased
cumulative soil CO, emissions, despite the increase depending on irrigation method. A notable correlation was found
between soil CO, emission and WFPS and soil temperature in the 0~10 ¢cm soil layer. The impact of soil water and
temperature on CO, emission was intertwined. Irrigation amount and method both affected soil enzyme activity via
their effect on WFPS and soil temperature, which serve as a regulatory mechanism impacting soil CO, emissions.
Irrigation amount and method also significantly affected maize yield. Compared with DI with irrigation amount of
36 cm, ADI with irrigation amount of 27 mm reduced the yield by 8.7%, but it reduced the cumulative CO, emission
by 19%. [Conclusion] ADI with 27 mm of irrigation was most effective to ensure maize yield while reducing soil
CO, emissions. It is a water-saving and emission-reducing irrigation method and can be used as an improved
agronomic practice for maize production in the studied region.

Key words: maize; alternate drip irrigation; CO, emissions; soil enzymatic activity; yield

TR RF A

73



