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Comprehensive Effects of the Application of Water and Fertilizer Amount on

CO, Emission from Soils of Summer-maize Field

YANG Shuo-huan'* ,ZHANG Bao-cheng' ,WANG Li' ,HU Tian-tian'*"
(1. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China; 2. Key
Laboratory for Agriculture Soil and Water Engineering in Arid Area, Ministry of Education, Northwest A&F University, Yangling
712100, China)

Abstract; Field experiments were conducted to determine the effects of water and fertilizer amount on soil CO, emissions by using the
method of static chamber/gas chromatography in summer maize farmland ecosystem. Three factors (three irrigation levels including 90
mm, 76.5 mm and 63 mm, four nitrogen fertilizer levels including 300 kg+hm ~*, 255 kg-hm ™, 210 kg-hm "> and O kg-hm ~* , and
four phosphate fertilizer levels including 90 kg+hm ™2, 76. 5 kg+hm >, 63 kg+hm >

The results showed that soil CO, emission under different water and fertilizer conditions showed obvious seasonal fluctuation, the main

and 0 kg-hm ™?) were designed in the experiment.

and secondary peak appeared at jointing to tasseling stage and tasseling to grouting stage. The soil CO, emissions were relevant to the
supply levels of fertilizer and irrigation. In the high fertilizer F, (N 300 kg-hm™*, P,0, 90 kg-hm *) and low fertilizer F,, (N 210
kg+hm >, P,0, 63 kg-hm™*) conditions, average soil CO, emissions flux during the whole growth period of high water W, (90 mm)
was significantly higher than that of low water W, (63 mm) ; the difference of soil CO, emissions between medium water level W
(76.5 mm) and low water level was not significant under medium and low nutrient condition F, 4 (N 255 kg-hm™, P,0, 76.5
kg-hm ). Soil CO, emissions intensity of high fertilizer F, was significantly larger (by 14.82% ) than that of low fertilizer F, , under
high water supply W, (P <0.05), and that of F, ., was significantly bigger (by 8.03% ) than that of F, , in the medium water supply
(P <0.05), while the difference between treatments at low water level was not significant( P >0.05). Compared with nonfertilized
treatment, soil CO, cumulative emissions of the whole growth period with application of nitrogen fertilizer (210 kg+hm ™), phosphate
fertilizer (63 kg-hm™*) and nitrogen mixed with phosphate fertilizer (210 kg-hm ~>, 63 kg-hm ™) were significantly increased by
23.70% , 19.00% and 12.30% , respectively. And interaction effects between nitrogen and phosphorus fertilizer were extremely

significant (P <0.01). Variance analysis of the interaction of water and fertilizer showed that the average soil CO, fluxes of the whole

Wim B HA: 2016-05-18; fEITHHEA: 2016-07-07
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growth period were not statistically significant but cumulative emissions of soil CO, were significant (P <0.05) when the difference of

supply level was 15% . In addition, soil CO, flux and cumulative emission in the whole growth period were significant when supply

differed by 30% . Obviously, soil CO, emissions were promoted significantly by application of irrigation amount, nitrogen fertilizer,

phosphorus rate and water and fertilizer interaction, while it was inhibited by nitrogen mixed with phosphorus. It was effective to

regulate soil CO, emission by water and fertilizer controlling measures.

Key words: soil CO, emission; irrigation amount; fertilizer amount; water-nutrient interaction; summer maize
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TLF, K EE L F, 3800 21. 47% F116. 61%
(P <0.05); Wy fE/KKFET, F g b F,, 380
13.50% (P <0.05) 5 W, , /K IKF-TF,Fy o L Fy ;38
Jin8. 16%HERAREE(P>0.05). W, HKKF
T, F, K 3 co, HEBGE B IEE L F,, M
12.34% (P <0.05) ; W, s HEKIKFETF,Fy o b Fy 5
BN 11.97% (P <0.05) , W, , Bt K KFETF,F, 5
Fo, Fl Foes 5 Fo, ZRAWIE (P =0.128 fil P =
0.437). HAFTH—WIBAL(7 H 16 H) J556k%
Ty, 32 AR 5 A N TR 8 e U
RAK(E L FIE4). M —YGEIE(8 A 16 H) &
Fhim, ATRESE 8 A 16 HJF T 3R B s,
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P AEAC L B AR R PP 38 | [RIRH (i i T -3
YIRS 8 Co, HERGE =3
2.2.2 JEAEEXT A58 CO, VX HEm G & A SRt HE
LIyl

AR Al {2 it 3 CO, HER, B 5 AR %
PIRAR(E2). W, HKEMT R, KM EREE
FH L5 co, FHHERGE R L F,, W
14.82% (P <0.05) ; W, s HEKIKFTF, Fy o5 b Fy 5
WLERN 8. 03% (P <0.05) ; W, HKK¥ETF,F, .
Foo Fo AITEREZR(P>0.05). B0 A0 IELY
BRI, SRR F, | Fy o R F, B0 B3
ZH(P<0.05). AT RaMED, W, HEAKKF
T,F, o F, 5801 24.99% (P <0.05) ; W, o kK
R F, o HEFy 1122, 86% (P <0.05) ; W, , Mtk
KT LF, L Fo s FlF, BT REZR (P >0.05).
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Fig. 4 Effects of fertilizer amount on seasonal variation
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TR 2 U, AR TR F, | Fy o I F, 2257
PIRBE(P>0.05). FIUL, BROGB BEAL , ok
BHBIRI . W, fEAOKFE T F, #F, , 250
F(P<0.05); W, BKKETF,F 5 F,, 2258
F(P<0.05).

TRV 7K S T it AR 25 84 n + 4 co, 2t
Hejila, FORWBGREE, W, AT W, HEK KT, F, K
Pt co, RiHHRMCE L K, 4 ) W B
21.24% . 13.35% (P <0.05) ; W, o K KFET,
F, o5 Fo, &N 18.26% (P <0.05) ; W, ,flt/K
KN Ky 4 5 o, [T B 2255 (P =0.093) (&
5).

2.3 ABFIEHEX 5 CO, HEBARA RN

RBENEXT T35 CO, HE i 52w 43 By 2 B BE X
FHHE Co, HEGE R FMA LT, FoRH B
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®2 AREKBEGHTEERSEENRNLIE CO, FHHRIERE" /mg- (m*-h) ~!

Table 2 Soil CO, fluxes from summer maize fields under different water and fertilizer conditions at different growth stages/mg+(m?*+h) !

Qb Hi P 309 2= i v ) 2 e ) HEIR I 28 2EF W

W, F, 204.80 +6.74a 420.16 £19.77a 288.06 +7.33a 193.96 +20.75a 299.90 +16.83a
W, ,F, 183.43 +9.39ab 334.89 = 16.00d 253.52 +10.98a 168.53 +11.75ab 252.08 +11.32bed
W, 55 Fo. 5 192.07 +8.65ab 385.40 +8.76b 287.17 +12.84b 199.37 £16.71ab 255.81 +9. 48bc
W, - Fo g5 180.23 +15.06bc 341.02 +18.37cd 238.03 +13.85b 181.41 +12. 60ab 243.70 +11.75¢d
W, F, - 190.79 +9. 71be 356.81 +13.92¢d 251.07 +11.55b 179.84 = 14.51ab 261.19 +12.45b
W45 Fo - 171.87 +6.09¢d 330.99 +12.25d 217.76 +4.48¢ 159.99 +12. 60b 236.80 +10.71d
W, ,F, 165.42 £6.35d 315.37 +10.06d 213.92 +9.44c¢ 158.39 £5.05b 241.64 +7.69¢d
SR 184.09 354.95 249.93 177.36 255. 88

1) &4 BrBOHRERGE t B ME + PR (SE) 5 RFVBEAR [l /NG R A BE ) 22 5 35 (P < 0.05) , T IF]
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Fig. 5 Effects of fertilizer amount on cumulative soil CO,

emissions under different irrigation levels

(BT 2 A AT ) AR /N B BE (3K 2 AT ) i
3 AN E BT R, it e 4k I 8 Co, P

PIHE A f2: 119 52 g PRl A bt FH T A (6 3) . it
(P,05 63 kg-hm ™) 25T, jifi & (N 210 kg-hm ™)
A RUAR 1.80% , 22 F AN B EH (P >0.05); A
TR 25 T A AT AR 26. 05% , 2557 W3 (P
<0.05). FNCHHE TR, BBEIEAC B AR HIA )
HEIKF(P <0.01) , (H#EAE SR T30 2 %K
F(P=0.161). FNCTEIR T 2 Hh Al 1995 v 4% S
FE(P=0.000), HEERI 2 B WAL E (P =
0.393) . BAAEXTHR T 1 2 b B0 R 0 ) 28 i e
AR5 E (P =0.070 F1 P =0.052). 32 HAEHITE
PR S 2 e e B R S R A 3k B 2 KO
(P=0.001 Fil P =0.024).

PO AR R A U O ) 4 A B I 13 o,
S HE B A AN i AT A BR300 S A T 23. 70%
19.00% F1 12.30% (P <0.05) , i AE e fita 41 i) +
2 CO, HEmOHAE BAR A B35 7K F- (P =0.000).
Tt B 2% A1, AN it 4R EL it &R AIG 5. 63% (P >
0.05) , {H R ife 8 2% 14, it 280 e AS it 20 2 184
23.70% (P <0.05).
2.4 JKMEFIEXT 48 Co, HERAIRE AR

EAE M L co, R HEuE &R Rt HE
R X6 7K AE FH A e 07 5 4 R KA G (R 4).
KA AL R K S AH 22 30% |, [/ — K AKSE T, &4
H A HE CO, 2 HE M & A 2R HE R 2 b
o it A A BG T RE (P <0.05) . FEOKF
Jit A B — PR 2% B i 243k W Bk 35 K (P <0.01)
KB ZE B AEH R 53 (P <0. 05) . K AR K
FAHZE 15% T IEXS 11 CO, ~F- 33 HEGHE & 52
RE B E(P=0.033) KK T, KL HAE
FHA K 2 W K (P =0.242 1 P =0.257).
ST HE R F I, HE KRN it AT 2R PR 2R A4 B3k
AMBEKFE(P<0.01), THEEMHBE(P =
0.012).
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Table 3 Variance analysis of the effects of nitrogen and phosphate fertilizer application on soil CO, emission/mg+(m?+h) !

nh R L SR i
T R W 012 SN (2B
W, 2Ny -Po 5 315.37 +10.06b 158.39 +5.05b 236.80 +7.69b 5023.45 £223.02b
Wo.,No.,Po 379.19 +13.07a 166.66 +12.58a 260. 14 = 14.63a 5533.44 +442.68a
W, 7Ny Py 5 312.32 £12.27b 196.87 +12.05a 241.13 +19.26b 5323.23 +372.63b
Wy, No Py 289.42 +15.99¢ 142.75 +9.08b 206.38 +7.58¢ 4473.28 +268. 40c

F4 HRKFEHEZE 30%F 15% KB IHI A ZE S H/mg- (m* -h) ~!
Table 4 ANOVA analysis of soil CO, emission on the supply level difference of 30% and 15% of fertilizer and irrigation/mg- (m? +h) ~!

e HER 7K P ZE 30% e HER K AHZE 15%
) AR F T HEGE SH W B ) A H W HEGE & SHH W B
W, F, 299.90 +16.83a 6673.60 £299.45a Wo.s5Fo.s5 255.81 £9.48a 6056.43 +352.93a
W,F, - 261.19 +12.45b 5620.44 £88.79h Wy o5 Fo 236.80 +10.71b 5103.31 +142.51b
W, ,F, 252.08 +11.32b 5484.94 +153.20b W, 1 F s 243.70 +11.75h 5342.4 +85.78h
W, 5 Fo 5 241.64 +7.69¢ 5023.45 +223.02¢ W7 Fo.7 241.6 +7.69b 5023.4 +223.02b
3 i SRR ZR A T A S A A W 1 M X K o SRR AR A i

B H A R4+ 1 co, HEim & BA
A A 2 AR TR R T (TR 2 N 4) ¥ R B R B
B b ke g, FIEE AR IEE R T 8 A 11
HMO H 4 H. XATRES HHERE | /KA FAYIAR
REBAA R R ENAE R AR A
S e+ 5 Co, HEROAS R, K AR FH 5 — Jr 1 38
iR R N R - CO, 7R, S — T T
BUR 7 118 55/ N4 CH 1 oo S we= LY (SR (IAER A nt:
CO, HER. MWRIFE =411 CO, i L3 CO, KK
1) 56% ~82% KR Z = CO, Bahfii +3% o, Bk
JECEEE N R RS AR A E 18 Co, HEiGE
SRR BN AT R L 55 R FORAR
RIERFRMNM R, 3 CO, F¥HEHGHE & 7E it
B (7 718 H) FhHES (9 A 12 H ) 2SR AR,
AIEFTARES 7 A 16 ~ 17 H IR M 28.3°C 5 & 5]
23. 3CHEAK FROMIRFEICA OC; e rTRERE 9 H 8
~12 HA IR FF SRR, FLtE 2R R Al + 35 K Bk
R S T 35 4 e AL AR /N BRI , 10
il T R TS Bl A ST I A

T I B B T 2 R K A T ) 4 o,
HERR | FLE K 5 0% 52 ) BE A AT K SF- T 8 2 1
K. EAEFRAEKE T, mAK S 0OK Y 222 8% (P
<0.05) (£ 2). AR, AL HE Y + HE0F
S8R B BNV AR A RS A BT i 02 R IR A K
F, K EMRK TR EE2ZR (P >0.05). K
HEAKIKETHE 15% X+ CO, HERCHR BE S0 A i 3% | 3
FKEEXT 14 CO, HEmR USRI, nTRE =R b &

B 3 Co, HER 3= S N T Uk TS
Ho S A RR P PR B R . 5 X A2 H Y 35 CO,
SR HE G A HA(E R 262 mg- (m®+h) ~" iR
HuIX ZZ B F- 2448 295 mg-+ (m®+h) "7 ARG
A7 T2 R b DX BR ] 4 PR DR T g2 R K A,
FHEAH B K N 17, 51% , H )5 K R K 24% 4
5T R Y 135K ORAE KR DL R, L 3gEng
W 4R i o 438 5 KR B BE I3 hn , ELE in e AR
P, KA T 5 X A BRI R

Jiti L 2 7 R K R R SR T 2 i 2 e i oK 4
A E 4 CO, SR HERGE B WA K S0 T it
REAERTE B PE 255 (P >0.05) . UL K K
TR E AR R 1 CO, HERER R 2
e 1=, T GBS AP K 5 A (el AT A AR 2R 3% 0 R - e
ML & & BEAK, B3R T AR R A3k 2R 9 0 0 1
57 55—y T T RE S ROK BR ) 1AM A
kAR R AEAR KRR B G T MY L&
PR M b A R e A R 1) 5 i B E UK K
P T B R, mAOKTE T, w4 E
4 CO, FIHEHGE & HARAL B3, koK
T, PR IE A BE (R 2). HS5ARHEIEAH
L, Bt EUAE | I R 2R I TG i 4 A A
CO, Hepik FRoh 44 w38 i (& 3). Rt AL mT B
AR+ co, HEk, X 5 AT A WF R AR —
P R R AT REAE T AR L R AU AT A
FEAB Y KA W P it 5% 4, AR B A ) A A i B
TP BT R Co, " | MsR A MR 2 AR KT
We. b, ANEE ] GE M A 52 0w 38 pH 52 ik )
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DY ARk o, HERL

BTt U B U It X 38 O, HERT (195 1
IR 255, R B IR B 4 it A B TR+
1 o, HE (3R 3). ik 2 50t 58 2 B K 1 AU AT
FiCLyit P AR i - SR i 3, B RO . WA 14
P 3 35 AR, 7= A ARV . mT B S R AR AR
ARSI LA T T M . i B BE vT L Sk A 0 0
PR AL E S R0 R T R R E Mg
P, Y 3 A R 1 SR OT R B SR s
FIRR WAk 7= A ST AL ) 5 B SR IR A g i g
WRBEASALZS Sy RS E 2 T, R T AS )P L& K AR
2 (AR AR R 25 B .

IKIEAE H AR X 44 B 1 5 Co, ~F 34
T8 A SR T HE R Y R ) LR R 7K R AR AR R (%
4). fHERIAKER 2 15% 54 B co, BitHE
HAHBEMI (P <0.05) 1425 HEjbcE & 0 5
ERZW (P >0.05) 5 PR AHZE 30% X 34 34 5% ) {
F(P<0.05). FHIKIES TAEHIXT 145 COo, HEK
SRR %I C & AT g5 K A8 R 2k 1
Bl s S AR AR 2R A K A B 2 i A e

4 Hig

(1) 4<H T3 CO, HEMURA W b ity 2= 75 42 Ak AR
25 AL FRIA 5 e SR8 I Bl T s ST B ) B Y
2R, SRR 0G0 H R T K AR 4001 28 e ]
ot I 2 9 S A0 | A S HE AT AR

(2) AFE AR X ok 44 F W 1 Cco, ¥
Helcm A7 B 252 . = I8 (N 300 kg-hm 2, P, 0,
90 kg-hm™) FIMKHE (N 210 kg-hm >, P,0, 63
kg-hm ) 7K FF | 57K (90 mm) ¥ 4 3 & TR K
(63 mm) (P <0.05); HHE(N 255 kg-hm~*, P,0,
76.5 kg-hm ™) FURAC S0, oK 50K TG k35 25
(P >0.05).

(3) ARl L X424 7 0 1= 458 CO, ~F-3HEK
2 5 ) Pt R /K KT T e BN (P <0.05). &
IKEAETT, BB EE AR IE B 25 5 14, 82% (P <
0.05); "KM, AL HLARAE &2 14 m 8. 03%
(P <0.05) ; MRAKSAE T &t IR K 8] 22 5 18
F(P>0.05).

(4) %, B E B jit 359 412 {5 oK 4= 4 B I 4
CO, STkl B3, — & (B4 7E B 8 1 1 58
HAEH , SRR AE O 3 i B A

(5) 7K 28 B AA 7 10 35 1E 28 AR, 4 iF 4 3¢

CO, Hefik. HER KA 22 15% 1 30% Xf 13 CO,

SRR 5 (P <0.05) .
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