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Effects of- the Combined Appllc*atlon of Organic andenorgamc fertlllzers on N, O'

Emissions from Saline Soil '/ _j :

ZHOU Hm] ?| 'SHF'Hai-bin'*"* , GUO Jiatwei" s ZHANG Wen- -cong"*, WANG Wei- gang
(1% Céllege of Wq}er Conservancy and Civil Engineering, lanér Mﬂ’hgoha Agncultural University, Hohhot 010018, China; 2. Institute
of Watet- saving Agricultural and Soil-water Environment in Arid area, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract: Combining organic fertilizer with chemical fertilizer may affect the microbial processes related to nitrous oxide (N,O)
emissions under different degrees of soil salinization. A mild saline soil (S,; electrical conductivity (EC) 0.46 dS:m~') and
moderate saline soil (S,; EC 1.07 dS-m™") in the Hetao irrigation district of Inner Mongolia were selected. Under equal N rates, the
study involved five treatments; U, (240 kg+hm *of chemical fertilizer) , U,0, (180 kg-hm ™ of chemical fertilizer + 60 kg+-hm™> of
organic fertilizer) , U, 0, (120 kg+hm > of chemical fertilizer + 120 kg-hm > of organic fertilizer) , U, O, (60 kg-hm > of chemical
fertilizer + 180 kg+hm ~*of organic fertilizer) , and O, (240 kg+hm ~*of organic fertilizer) . In addition, a blank control treatment ( CK)
was employed to investigate the effects of different fertilization treatments on the N, O emissions from the two saline soils. The results
showed that the total N, O emissions from the S, soil in the same treatment were between 11. 86% and 47.23% higher than those from
the S, soil (P <0.05). the dynamic trend of the soil N, O fluxes among the different treatments were similar. The peak N, O emissions
occurred after fertilization, and the N, O cumulative emission fluxes accounted for nearly 60% of the emissions during the entire growth
period. The proper application of organic fertilizer could significantly reduce the soil N, O emission; the S, and S, saline soils treated
with U, O, and O, , respectively, had the lowest N, O emissions, whereby there were significant reductions of 33. 62% and 28. 51% in
comparison to the U, treatment (P <0.05). Moreover, higher maize yields could be obtained and the N, O flux was significantly
positively correlated with the NH, -N content (P <0.01) but negatively correlated with the NO; -N content. The results demonstrated
that nitrification was the main way to produce N, O in the studied salinized maize farmland, and that the addition of organic fertilizer
could reduce the N, O production by decreasing the soil NH, -N content. Based on the changes in the corn yield and a reduction in the
greenhouse effect, suitable organic and inorganic fertilizer management models for the Hetao irrigation area were the mild saline soil:
120 kg-hm *of urea +120 kg-hm ~*of organic fertilizer) , and the moderate saline soil: 240 kg+hm ~*of organic fertilizer.

Key words: N, O; salinization soil; combined application of organic and inorganic fertilizers; NH, -N; NO; -N; water-filled pore
spaces( WFPS)
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Table 1 ~ Basic properties of the tested soils

ST fhm AL o THAA AR AL A -
e - /g-kg™! /g-kg ™! /mg-kg ! /mg-kg ! /mg-kg ! /mg-kg ! P
CK 13.25¢d 1.21b 13.39¢ 5.98b 35.26¢ 190. 24¢ 8.2a
U, 12.85d 1.33b 23.12b 6.76a 34.67c 183.23¢ 8.2a
S U, 0, 14. 23be 1.29b 25.31b 6.89%a 37. 69bc 185. 07be 8.2a
1
U,0, 14. 56abc 1.47a 29.11a 7. 86a 41.23ab 205. 34ab 8.3a
U, 04 15.05ab 1. 49a 28. 58a 7.03a 43.68a 209. 46a 8.3a
0, 15.61a 1. 55a 27.95a 6. 80a 40. 63ab 215.18a 8.3a
CK 12.15¢ 0.89cd 8.81d 2.99¢ 26.57a 172.67d 8.4a
U, 11.78¢ 0.8d 13.15¢ 3. 04c 22.45bed 165. 65be 8.4a
S U, 0, 12. 64be 0.93bc 14. 25be 3.78b 21. 69¢cd 170. 33be 8.4a
2
U, 0, 13. 54ab 1.09b 15. 40b 4.15a 22.39b 178. 98abc 8.4a
U, 0,4 14.02a 1.21a 16.77a 4.27a 20.47d 184. 09ab 8.5a
0, 14.37a 1. 16ab 17. 13a 4.39a 23.46bc 189. 9a 8.5a

1) RIFUARR/NG FREFORAE BLZ [0 7E P <0. 05 K253 3%



8 1

JE S . A HLTCHUIE B XS A [F) AR B £

Wi NO HERLE R 3813

L2 R

AT T 2019 4F A7 21 8 A7 050 1 26

a, FPHITEY) M E K (N B 314) IEFH N 4 A 25
H O WEEE® 9 A 13 H. 2% Y i1k ik RERE K
SERH 750 m® +hm AR K O At U i 240
kg- <hm IR B Vi, S, (yﬁib{jﬁi EC.0. 46
dS-m™") S, (FPEEEETT 4, EC; 1.07 dS-m™") Fh ik
fEAcH B 6 NMAbFE, R 3 W, 5 CK(AS
JEAE) (U, (240 kg-hm *fLAE) (U,0, (180 kg-hm >
FEHE + 60 kg-hm > AHHLAL) (U0, (120 kg-hm > 1k
B +120 kg-hm > FHHLAL) (U, 0, (60 kg-hm > LK
+180 kg-hm A HLAL) .0, (240 kg-hm A HLAL) ,
B AR WLEE 2. 3631 36 AN/ X, /N IX AL
30 m*(6 m x5 m). F/NXAIEA 1 m T8 1 B I
FTHE 15 om & HE. AR CHLIEARN R R
(%R 46% ) ,ﬁmlﬁ%ﬁmﬁmmﬂ( HES SN
SR BRI, & N10%, P,0, 19%, K,0,/19%,
P =45%, JEFEIR =17%,S=8% ). ﬁ*ﬂﬂﬁ%uﬁ;’eﬂlﬂ
(I BERRES 50 kg« hm ™ )?%#VEHME%J%HE Uk
Jit FH (32 514t FEWERE 20 em) ﬂcﬂlﬂﬁﬂ 1tt4&‘Jﬁ->r

ﬂ?iﬁﬁﬁ%%ﬁwﬁﬁmﬁ%A f*
~ | &2 wmamst | -
Table 2 Design of the experimental lredtmerils /
JE U/ kg fhm 72

et/

Eﬂe(zmgm 25)
FEAEY  RE B
ok i 0 0 o T
ug 0 120 120
U0, 60 90 90
U,0, 120 60 60
U,0, 180 30 30
0, 240 0 0
1.3 Emi H &k

I P A S R R R AT AUACR B, RS 0.5
mx0.5 mx0.5 m, RS E T FREN, THME
BEVLERE K50 T (00 138 2% BHE R 7E + b 7E %5 4
FEHIATK, B 1A P9 AR S0 P9 — TR
T, P00 6 P T KO-, SBORE BT R 3 3 R iR
UL T 100 mL VEST 88 PCRFEF R AE O <Y
100 mL, HARAERT [H] ] B 10 min, B URCRFE 4 4.
RAE B SRAE S 55 Agilent 6820 AR (4315 1Y
(Agilent 6820D, Agilent corporation ) i 17ill % 43 .
SMCRAERTR] T 2019 4 4 ~9 H  7E#EBE (6 H 16
H.7H12H8/M7 A27 BH) JiE(4 A25 Hf6
H 16 H) MW (6 H 21 H) Ja LB, HoAth i 7]
WA 2 1 8 1 W AR VE Y AR K e = A8 fk
i R,

R (201806- 14)

-

-

RRUCREE AR B R, SR 5 5S7EHC0 ~20
em 12,15 2 mm 0, — &R H T 3R E KR,
—I o FH FEACEG IR B X L3 A S b T 4R
HX””

AR g N, O A HE i B

Kpxiixegiig O
S K A N, O HEHOE R e (mh) ') p Wil

RETF N0 SMRERE, HAE N 1.977 g- L' H A
AHEFE R (em) |, de/de S RFERF N, O ¥ JE B R[]
Wtﬁ’]é‘&#ﬁjﬁﬁ# R (C) , 273 AR
N
N,0 ﬂzliﬁliﬁﬂt AN

K. K.

D (2)
Sl K, N,0 HEHEE (mgem ), K AR,
B VR e 1| YR B NOT O
[ g (m’-h) }1,D, %nzpmj:z i M 1 PR AR
B(d). r A
N, OﬁFﬁﬁZ%@(ﬁﬁ’Aiﬁm] N

i iy F—)CL x 100% ~ (3)
t¢fﬁNémm%ﬁﬁ~ﬁmﬁmﬁNomm
i, FLKjﬂXTEEi.EE N, O ﬂFﬁﬂli Cy U

4 = D) x24 x102

“(kg-hm ™).

+ 8 7L B 78 /K & ( water-filled pore spaces,
WFPS) IR ARy

VWC x BD
1 - BD/2.65 4)

A, VWC B3 dE & S KE,BD h HIERE
(grem ™) FHERE HIEEE N 2.65 grem ™.
1.4 Hdliortr

FH SPSS 22. 0 5 Excel 2016 #4753 Hr J B £y
22, SR BRI R D7 220 T Al LSD ¥ LA [] b 2
N, O S ARHEE & A HE R R R A9 22 5. FIH Pearson
FHOC 2R BORE 50 FI T N, O HE k& 5 52w [ 2 8] 1
LIPS ETE R i €

HZRE55

AR FRE Eh it 4 A0 B 44 N, O sl J ARk
CK ZbHEYE S, .S, 1 N, O HEjilm m 245 1tk
AN (B 1) AR A 53 0 7E 4. 93 ~ 61. 55
pgs(m’+h) A1 13.22 ~75.12 pg-(m’*+h) ' Z
). PR ToKRAERK TN, &L AL 3T N, O 2L B
2 AR HEROE , 2 3 A SRR (4 A 25 H) |
BAE (6 H 15 H) Ja, HEE & 228 Ak AR —

WFPS = x 100%

2

2.1



3814 2 S - 41 %
1 400 90
5 —p il —=— CK | g
h200 - ik —e— U
- b — = R : U0, 4 70
= 1000 [ —8— U,0, R
£ —uo, 17 §
2800 [N e 2
% el 2
§ 600 4 50 =
* 0 ¥
= 400
30
200 20
0 = = ] - 0
04-25  05-05 05-15 05-25 06-04 06-14 06-24 (}-.I' 04 07-14 07-24 08-03 08-13 08-23 09-02 09-12
90
1400 &
80
1200 70
= 1000 [ 70 =
: %
2 g0 f 160 s
= ¢ &=
50 =
g 600 E
“Of 40 H
= 400
o< 30
200 20
. - : ' 0
04-25  05-05 05-15 05-25 06-04 06-14 06-24 07-04 07-14 07-24 08-03 08-13 08-23  09-02 09-12 Ll
. _ l-'l!!ﬁ()‘i H) _ ” ..“'?
- i i f e a - p
@1 TEI;!HE:I:H% N,0 ﬁkﬁ&*ﬁ: f |~
) | s Fla 1 NZO (’umﬁlaﬁ,}ve emission flux for dlfferenl"lreatment% .:‘l'-'J

5%51 s{n@«ﬁ@ﬂe if-2 a—;ﬂa_guﬁkﬁw ﬁzﬁfﬁﬁa’ N30 K O R B 88, (R

mms% H/’E% FoaE KB, 0 N, O

i’%’%hfﬁﬁ7ﬁ¥ e RS I3 P, 4% Ak B
i%%i‘L%}kai@ém&Wﬂi% i) R B 4 WK U
18, Hfe KAE N 79. 76%, e /ME K 36. 78% . 115
FLBRFE K FE AN, O bl $ge b —8, —H 2 16
EWBEEMELER(P<0.01), 7] WL, 3L
oK FEEH E K HE N0 HE A FE AT
Z—.

[l —4b S, +-4EN,0 fEGE =M BT S, +
g B REE A HUIE A FE 538 5L 08 2 S 7E S,
4 A AR FOR AR KR A B B A ALIE e
A HCBIHE R N, O HERGH 5 5ERE 5 TH 3, HR /N
WiFF3EA R A U, >U,0, >0, >U,0, >U,0,, i
A B JE Wit A A HLAE He 4 K B AR BE N, O HETR
R TR A R 2 A B TR FoRAEK
ZN,U, U,0,.U,0,.U,0, F O, kbFF35 HE i
0 R 297.82, 266.90, 211.51, 247.41
251.10 wg- (m*-h) ', U,0, 4B i F A% T H AL Bl
(P<0.05).

TE S, + 48 it e b BAE VR ) AL A b R
ST HLAE A LB R N, O HE 0 N iy a3

KZ=H U, .U,0,.U,0,.U,0, K& O, ZbFEFIHEjE
A5k 3] 364.39 . 336.06. 310.55. 278.15 1
271.01 pg-(m*-h) ~', LA O, ZbBREAK, 5 U,0, 4b

Pz S AR E M T HRLBE (P <
0.05).

2.2 ON[AFR B R A A AL B 4 N, O HEAE

HEl R B A ™ i

3 Al A —Aab 3 S, +3 N, 0 EFHEK
HYBEET S, 14,S, +3 CK. U, .U,0,.U,0, .
U,0, A1 0, 203 N, O HERCE R S, 18 53 5l iy
47.23%. 23.97%. 26.63%, 43.26%. 14.78% #i
11. 86%, AT LB 1- e L BEAIE N N, O HEik B
WBE =z 34 A HLICHLBC i b % A 6] 38 R 4 4%
F N, O Heik R A 4% 5, 76 S, R &
LN, 0 BRI ERHEA VUG A ]2 e R 5 T
POLLU, A BB K, A 4.97 kg-hm 2 %5 H 43 it B
Ab 3 2 10.16% ~ 33.50% (P < 0.05),
U,0,.U,0, Fl O, A3 Z[H] N, O HEjl &5 JC b 2 1
Z5 % U0, AP 14.64% ~21.28% (P
<0.05).7£ S, LHEE AT, U, A3 N, O HEK
KSR 6.17 keg-hm 2, B & A HLALIE A L A7) 35 K
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N, O HEf B Z i >, 0, kb FE N, O HEmE 4 H:
Sl B S RRAR (B U, 0, AbBEAR B34 ) 1. 98%
~28.47% (P <0.05).

RIS S, HIHEA LI N, 0 HiEHR 2 BN T
1.23%~1.76% 2 [8) (% 3) ,U, AbFE N, 0 AIHER %
B, wEm THELE(P<0.05); U0, 4b3
N, O BB 2505 U,0, & O, AbHARL, I 3% &
F U0, bFE (P <0.05).S, THEA AT N,0 H %
Hel 250 T 1.53 ~2.10 Z[H], U, 463 N, 0 194k
W RB S T HAE (P <0.05) 5 U0, B9HEKL
285 U0, A BEARML, B E & T U0, f1 0, 4bH
(P<0.05).

Bl R S 1 EOK T i B R (3R 3)
AMFEAEFET S, HIEE AR EE S, HIER ERS
41.81%~67.03% (P <0.05) ; ma%m%mmwa
Jiti LAt AR P IRl R B B S TE S,
+,U,0, 4B K= B m, M1 902. 91 kg-hm ,
A, U, 05 AbHRd B A A 7 i, 8 Z A0 3
PEZES (P >0.05) , {H 43 51 A B it b I b 2 v o
19.78% F111.58% (P <0.05). 7£ S, #hizi +, £
HH A A HUIE A LG B 7 i R iy a5, 0, 4k
RO PR AR K, AT 609. 67 kg-hm ™2, 5 U0, &
U,0, AbHiZ A 22 5 AR B3 (P <0.05) , & it L AR
WEEH17.57% (P <0.05).

®3 FEMELETLEN,O RRHENE Rl RENIEN~E"

Table 3 Cumulative soil N, O emissions, direct emissions factor, and grain yield relative to the fertilization treatments

e FRHE R kg hm 2 He & 5 % YER ™= &t/ kg h.m
S S, S S, S5 ’ 52, i

CK 0. 76e I 12¢ — — 7.789. 34d 5319,830

U, 4.97a 6.17a 1. 76a 2.10a 9937.23¢ 647233
U;0, 4.51b 5.71b 1. 56b 1.91b 10,652. 57he 6623¢51he | |
U,0, 3.72d 5.33¢ 1. 23¢ 1. 76b 11/902. 914 7 196.26ab"
U, 0, 4.24c 4.89d _1.46b 1/57¢ 4" . 11088 12ab 7370.49% (&
0, 429 4,84 147h s * 7609. 674,

110 791, 37he
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2.3 wmiﬁi%mﬁww |
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36. 86 mul. A9 IR0 WP 1 S0 365 10T | 5 jem
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W14 10. 5 ~36.9°C F1 9. 2% 34, 0°C , Bk Z5 Il i 4%
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Fig. 2 Changes in precipitation and soil temperature at 5 cm and 10 ¢m

2.4 AN[RIRREE R - A A0 A ENH, -N X NO; -N

AL

B3 S FoRA K ZE N 3N, N sh AR b
fL. ATLVE Y, CK AR FRAE R A F N - ENH, -N
FEA TR K, S, 1S, T IENH, -NZZ 1k iF
JE 43 BI7E 1.03 ~ 10.98 mg-kg™' 1 0.76 ~ 7.32
mg-kg ™ 2 ). 4% it A Ak BE - SENH, -NTE K F g
AEFIEAR—F RS 1 ~4 d N, 13ENH, -N

R GE A B AE , B S 12
WS A4 2 T A A
ANE] - S 53 S5, A HLICHLAE BC it L 19 e
AR SENH -NB SN BRI —. S, 1 U,
Ko U,0, AbBAEEFNL 525 2 d A Bl 2 5k
77.93 mg-kg ™' f163.97 mg-kg™'; U,0, Ml U,0, 4b
PHEEXUGEARAL A IAESE 2 d FIER 4 d Sk G, B
KAEA M 53. 61 mg-kg ™' F159. 58 mg-kg ™", 0, &b

et v e
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B 41 %

PRAEE B 5 55 1 d BRI B B KR AE, h 62.17
mg-kg 'L AB M A AL - ENH, -NIZESS 2 d B
I RAR ARt A S JE I 35 B S B AIR, U, A A
ATt A Ah 35 5 Y 10. 63% ~ 43, 89%, 15 HEAS 15 14 3
WNH, -N2#H U, >U,0, >0, >U,0,>U,0, i
BT S 00 2 A R S A

S, 13, & A FHNH, -N U {8 Y 30 1] 44 %2 S,
TS T HE R H R KA B BT (B O, Ak PR
AR) . FERES U, K& U,0, AbFINH, NS #7556 3 d
IKFNEE{E , 4 81. 98 mg-kg ™' Fl1 71.76 mg-kg ™', 43
WEE S, LR 5.19% F1 13.24%; U,0,

U0, b BAESE 4 d 3 B KAH, 73 5 67.29
mg-kg ™' Fl 60.48 mg-kg™', A S, + HEE Ol
25.52% F11.51%; O, AbHLAESE 2 d B (H N
52.38 mg-kg 'S, HIEREAL 18.69% . B,
AL FENH, -NUE R SN R 7R 5 2 d. 7EREAN s
WA ST P W R GAS (] Ak BENH -N 5 5 52 B
5S, R -BORAE, W R R S, AT BT R
fi%,U,.U,0,.U,0,.U,0, &% O, AbFi%: S, + 45
W R AR 14.98%, 16.72%. 36.36%. 22.71% £l
14. 11 %, T 75 W (R H BLS W0 2 30 HE A HILIE it A 1
(A1 NH, -N 77 /N 1 i 34

AR A tmeke !

07-14 08-03 08-23 09-12

BAEEA N mg kg

4 HEARERKFNARFERERDL LA
PLIEHLEC i AL BENO, -N & = A4S (LR, AT LU
CK ZbFENO; -N& BN E BTN 5N, S, |
S, + 3 NO; -N 28 1k 1 B 43 7l 4 9.36 ~ 20.23
mg-kg ' H15.17 ~16.45 mg-kg ™' Z 7], 1M £ it AE ik
FENO, N H AR F BB sh B o RIZL, it e ) +
HENO, -NE s o | HG (L B ) A — 2
R — B RS ITba T B, ARk B ik 5
H/IMH.

FE S, HHEER AT, R0 5 45 it A Ak B 5L ER
th B A DA A LIS RNO, -N 5 1 JE R I T
LU, ALBENO, -NIE{E A 96. 73 mg-kg ™', B HAY

H# (A-H)
B3 FAELELEGSRIETW

Fig. 3 Variation in the soil NH," -N content with different treatments

AR (BRS U0, AbBER A1) 7. 63% ~
37.88% (P <0.05) ; iBHEJ5 — B fa] Py &2 B B
FHA UL E A FF] 8K 1 HENO, -N 5 /N 1 #
#OFET A 8 HZJENO, -NE&RIEAZI U0, >
U,0,>0, >U,0, >U, AYHAHE

1E S, FHEER AT AR 45 AL FENO, -N I
LB E S S, T HEER A5 T A — 3 HER K
{EA PR, U, . U,0,.U,0,.U,0; &% O, b3 435
B S, HIFEREAR 55. 24%. 49. 66%., 10.96% . 12. 98%
F120.47%, HLL O, AbPRE K, 2} 70. 23 mg-kg ™', 5
U0, bR AR E HHEES T HALM(P
<0.05) ; MiAEE L5 FA S 30 A HLIE it A L 1]
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m%w T DL HE, 45 4 3 3 N, 0 HERGE B 5
cm 10 em TEHEREREDENMHERLR(P<
0.05) , 115 + LB se /K R 2 AR B 35 IEAH G K R
(P<0.01).N,0 HEjll &5 LA & = A

EE s FHENO, -N & & 58 U G, b 7
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Table 4  Correlation between the N, O flux and soil conditions

Ul USOI Ulol U103 Ol
Ab P
Sl SZ S1 SZ Sl SZ S1 SZ Sl SZ
5 em +)Z2HEE -0.368* -0.376* -0.334* -0.358" -0.280 -0.349* -0.337* -0.335% -0.343* -0.331"
10 em /2R ¥ -0.395" -0.398* -0.371" =-0.390" -0.320" -0.373* -0.362* -0.361" -0.368" —0.349"
T+ HEFLEBR FE AR 0.521*  0.514* 0.514* 0.527* 0.410™  0.466*  0.460*  0.440™  0.405" 0.412*
NH, -N 0.938*  0.878*  0.907** 0.816™  0.807™ 0.837* 0.887*  0.814™  0.937" 0.870*
NO; -N -0.031 -0.046 -0.115 -0.116 ~0.435™ -0.229  -0.295 -0.307* -0.208 -0.317*

1) # # FI/RLE 0. 01 /K LMK,

3 iFig

ATFERW], RAL TR (2 2 15 N, O HEAY
FEFR N ARG R B, 2 PR R
JEE R WAL - 9 A i T Ak 3R AR R AT AN B T S 1 5 2
N, O AR HERL, 102 P A it HE 1] - 4R i 1 KR
2R, O HERN AN S A A VR B T R, T A

* FERTE 0. 05 K I g A6

TN, O HE P AR 5T R, 45 A LI AL it Ak
FRAE it AE A3 25 s B A9 N, O HEjl g S, 15
A AE AL B AR FAE G f5 12 d) FlEB AR i hE 5 17
d) #1H N, 0 B R A KR A K 2R B
FAB 23 91 K 23. 48% ~29. 46% F1 32. 94% ~38. 43%,
S, + 55 A 27.01% ~ 30.07% #il 33.45% ~
39. 00%, = 113 N, O HEC&E A= e N0 5 A it )
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AT N, O I SRS P2 sz Fm T 4ok
FALIE A L1 FT BE 25 08 X — 15 O, F T 5
FERAEALIEFE N, O HEi & . AW R EK N, 0 HEjk
ZHON 1.23% ~ 2. 10%, 5 H 2 HE £ 15 Ak Ho X 2 B
AR XA R AR S AR
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W, HLA 30 o 2 0 v IR e - 9 Rl L R T
T HE N, O HEjk. tehh, A5 CK b %222 a K
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BN, O HEBCIR B8, 4 S8R B X N, O HECE A
B [I RS, 7F R R EIE 0 K 3 A 30 A= TR A A1 vt IES 30
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TERER NS e 7. 8 H AR W I i HR
FEAE N, O HE & -t AH 7 s 2D, 204 39898 B o
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