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Effects of Straw Returning with Nitrogen Application on Soil Carbon,
Nitrogen Content and Maize Growth

HOU Xianging LI Rong WU Pengnian LI Peifu  WANG Xi’ na
(School of Agriculture, Ningxia University, Yinchuan 750021, China)

Abstract: In order to define the optimum application rate of nitrogen fertilizer under the condition of
straw returning in Yanghuang Irrigation Area of Ningxia, the treatment with no straw returning (NO) as
the control ,the effects of different nitrogen application rates (0 kg/hm’(NO),150 kg/hm’ (N1),300 kg/hm’
(N2) and 450 kg/hm®(N3) ) on soil organic carbon and nitrogen , microbial biomass carbon and nitrogen
content, soil enzyme activity, and maize growth were investigated. The results showed that the straw
returning with an optimum application rate of nitrogen was useful for increasing soil organic carbon and
total nitrogen at O ~40 cm layer, and the contents of soil organic carbon, total nitrogen with N2 and N3
were significantly increased,compared with NO. The ration of carbon to nitrogen was decreased with the
increase of application rate of nitrogen under the condition of straw returning. The treatment with straw
returning and nitrogen application significantly increase the soil microbial biomass carbon and nitrogen
compared with straw returning and no nitrogen fertilizer treatment, and the ratio of microbial biomass
carbon to microbial biomass nitrogen was decreased with the increase of nitrogen application rate. The
improvement effects of soil microbial biomass carbon with N2 and soil microbial biomass nitrogen with N3
were the most significant. Straw returning with nitrogen application could significantly improve the
activities of soil urease, catalane , alkali-phosphata ,and sucrase ,and the improvement effect of soil enzyme
activities with N2 and N3 were the best. The effect of N2 on maize growth at middle-and-late stages were
great, while it had no effects on maize growth at early stage. The maize grain yield and water use efficiency
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enhancement were the highest under N2. The 2-year mean maize grain yields with N2 were significantly

increased by 22. 0% ,compared with NO. The 2-year results indicated that straw returning with application

of nitrogen can increase the soil organic carbon and total nitrogen contents , regulate the ration of carbon to

nitrogen , increase the soil microbial biomass carbon and nitrogen and enzyme activity, thus improving

maize growth and grain yield in Yanghuang Irrigation Area of Ningxia. The straw returning with application

of pure nitrogen of 300 kg/hm” was the best.

Key words: straw returning; nitrogen; soil organic carbon and nitrogen; soil microbial biomass carbon

and nitrogen; soil enzyme activity ; maize growth
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Tab.1 Precipitation, irrigation and top-dressing status during growing stage of maize

— 2016 4E 2017 4F

MK/ (w’ hm ™) FOKE/mm GEAB(N) I/ (kg-hm ™) HUKAY/ (wd -hm ) FEKE/mm GBAE(N) A/ (kg-hm ™)
A H R 1200 66. 4 90 1500 80. 2 90
AR T 1 800 34.3 60 1 800 184. 1 60
EN=)E 1500 45.7 975 32.9

FERT— AR OGR 5 ) E R FF DI AL 3 ~5 em /NB,
BRI AL B A LA 42k 28 (A HLIR S i Lty
Wk A HLBE 769.2 o/kg. 42 A 23.0 g/kg, 4 W
16.3 g/kg 4281 22. 4 g/kg) 1. 0 t/hm® BEFER % (B
FHRTEET 64% N 18% ,P,0, 46% ) 150 kg/hm’
Ak B Y e A FF 4 0 E AT BH R A H (OB R R
20 cm) , IR H A 9 000 kg/hm? | [a] B 7 il 20 AR Ak B
A 3 FRF i E A (REN K TFEHT
46% ) .

FRAL SR N SEE 335, 20 9T 2016 4E 5 S
8 HAI2017 4F 4 H 11 H#EFF,2016 4F9 H 30 H A
2017 10 H 6 HYGR, FRFEATTFIAE, a7 R
70 cm, ZEATHE 40 em, #REE 20 em , B TR S ~ 10 cm, Ff
FE2E 90 955 #k/hm® i 56 301 5 19 2 Pl T o 0 32
SrE M IE S, KA E WIE K & FEKE KGR
a2l A BN 1 TR ,2016 4F F KA & RE 77 =X
FImERE B F BB 20 d DUAH RIVE K =4 3 IR
FEN RN TBEAR ;2017 43 7 XA e, B4
AB BB 20 d IARRIEE K &40 3 WA, KR —
RALIBAE, A F I TR,
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R AL HLFT (4 HJK) .2016 4FF1 2017 4F E K
W10 A7) , B FRBERL 3 45, 45 20 em R
—FEE 0 ~40 em 21 T HEA HLAK & &A%
i, Ho A LR S R S R A A A
M5E 420 B R L e AA I
1.3.2 +EERAEYRR RS E

I AL FHRT 2016 4EF1 2017 4F F KU 3, 45
ANREFREER 3 45, B 20 em SR—Ff REE 0 ~40 em
fitf A R AE KRS SRS TR ] 526 % T 4°C
VKEAIRAE 0 )2 IR A1 E 1 2 mm G, %€ O ~40 em #f
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MUK R & B2 2 BR L k. (0.45) Fl kyy (0.38) 15
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1.3.3 LS
SRR PE ($i NH,-N i it) R JH6E i %

e 5 | B K me/ (g+ (24 h) ) 3 8 AL SR
P (4% KMnO, AT ) SR FH o0 2 140 7 v e, B
f2R mL/ (g+ (20 min) ), B3P B2 92 il 955 P (4% 19 o
Hit) SR BE R K AN E vk D, R
mg/ (g (24 h) ) ; REMEGTEG Pk (H A1 A 08 i) SR
3,5- HEHAAGIR TR B R me/ (g (24 h)) .
1.3.4 FKRAEKIER 7 E

TE KA BRI IS, A AR PR 3 A4S
B BT BRI 5] — B0 3 Bk K R A
PRIR i ZEH 5 [R] A, Ak B 3k BOK: 434 5] — 30hy 3
PREAK, M Hotth b ERAEY e, TR, B4k
FRVEH 3 p5, BE K 3 m AT SRR BORE, T4 FR
o FPRE R L 14% &KL,
1.4 HESZITHWH

K Excel 2003 &, SAS 8.0 #4777 24047,
FFH LSD #:(P <0.05) A7 £ & L4,

2 RS54

2.1 EFTHEERERIEX T EEHRR S 2NN

Fili 3 EH 338 it 5N AT 3 gt 2= - 3 ML &
MRS, SAPERTA L, B R WCR I (45 Ab B
HEZ A HLRR & A4 A 3 G i, 2016
MR N 7.2% ~13.9% ,2017 SEHIE K 3. 1% ~
16.7% (362), 2016 4FE N2 4bFHO ~40 cm JZ H3EA
BLK & f 55 NO Kb 3 (6 R ) I 2538 12, 9% , 1M
N1 N3 4B 5 NO 4bBHJC W 35 25 552017 4F N2 Fi
N3 b B R 4 G HLAK & o il 48 NO b i 3
A 13.7% F1 15.0% , 1 N1 5 NO 4b ¥R TG i 2% 2
Sto 2 RG], FEFFA R 0 ~ 40 em #2135
AR T A B i 2 A ARG TG Ain, A N3 Ab B R
fe, NT N2 T N3 b 3P 4 38 4 1 B 53 0l B 3
BT NO Zb B 19. 7% 31.3% F136.0% ,{H N2 5 N3
Ab B ) 25 S AN Wk 2

RE T LA sl B 5 45 B 70 ik
R, FEFF I H A5 0 i 8008 AT 9 45 1 e 2 L
(C/N) . SACHFTAH EL 2 4F T K Uk 359 4% 4 2 B
)2 A R R L S A BRI R 8. 1% ~26. 6%,
25 it 2R A B 1 A B e SR L i it 220 7 14 g B AT
DL N3 Ab BRI, 2016 4F N3 5 N2 Ab #2348
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2 ON1 N2 Zb P2 RN 52 N1 N2 A1 N3 kb3 +
HERRA L 958 NO Ak PR 2 2 P41 10. 6% . 14.3%

F120.0% ;2017 4 NI N2 F1 N3 &b BH[a] G2 57, 2
IR NO b3 BRI R 13.3% ~16.5%

®2 W EBEEEREXHE(0~40 cm) TEBRR LK

Tab.2 Effects of straw returning with nitrogen application on soil C/N at 0 ~40 cm layer

A Qb HHREE L/ (g kg™") EREERI/ (g kg™") KA
Ak BT (4.54+0.23)¢ (0.403 £0.02)° (11.26 £0.94)°
NO (4.58 +0.16) ¢ (0.443 £0.03)° (10.34 £0.58)"
2016 N1 (4.86 £0.45)" (0.526 +0.06)" (9.24 +0.67)°
N2 (5.17 £0.28)* (0.583 +0.02)*° (8.86 +0.42)¢
N3 (4.92 +£0.42)® (0.595 £0.10)* (8.27 +0.53)¢
NO (4.61 £0.20)" (0.455 £0.06)° (10.12 £0.35)°
o7 N1 (4.98 +0.32)® (0.549 +0.02)" (9.07 +0.84)"
N2 (5.24+0.16)* (0.596 0. 12)* (8.79+£0.77)"
N3 (5.30 £0.41)* (0.626 £0.05)* (8.47 +0.54)"

T R SAN R NG R FR AR BRI 22 57 Wb 3 (P <0.05) , FIAl,

2.2 HATHEERENTEMEDERRSE
R EgiE R R 00

M 3 I LLE H L2016 4 T RIS FFi4 H
fic i ZUIE 45 A0 B 3 00 A0 BT AH L, 3 o
fe R A SRR B AR R TR A4 T AN 2208
AR FR (BRS04 AN R AR BE AR AN () 2801 it HH it
SIS Y Rk RS R B T X R A
B HME Y & R KRB NR I N2 N3 N1,
NO, T AE A & fe i R BI/NR B N3 N2 \N1.NO,
5 NO ZbBRAH EE , N2 A BT f A Wy i 7 & N3 Ab
PR A Py R i 0 4 e VR ] e e, 4000 1 5 42
175 28. 6% £ 34. 2% ;N1 Al N3 Lb# -+ e A= 4 & ik
T A NO b3 IR 4R 13.0% (19. 7% , N1
FUN2 A B RLA RS O B R
12.8% \28.5% , 23l Wi Z=F5FF ik H J5,2017 4R 4%
AR PR A AR W e e | AL AR 2016 AF 4R
B, LA W i R B /NR I N2 N3 N1,
NO, A A & i B R B/ NR I N3 N2 N1 NO,

N2 1 N3 b 38+ A M i ok 7% 43 il ¢ NO Ab 3
T EE T 15.6% F112. 2% N1 5 NO AbFHC i & 2%
55N N2 FT N3 b 4 38 A= 1 5 R0 1 09 il A
NO b BRI EHE 5 13. 7% 27. 3% F130. 4% . 2 4EHF
FEHAIR] , 45 Ak PR GLAE ) i R L TS L AE 7. 32 ~
9. 05 Z[8], HLAS[F)AF 5y 45 it 0 Ach B 4 U 2E ok
R L X it R0 i RN T AEBR A 3G N B A . A5 FFiR
FE i 2R 5 Ach BHR ) 2 P it i R L TG 22 57, 30
TR AL R AR Tx AL

W 3 s, L 55 1 4RSS 2 AEFSFFE S
2 A R WR I AS FFAA FH TC it 280N 45 Ak 2+ 45 4R
A S B ol 2 il R PR TS PR 2 5 T 2016 AR
Yo AR PRRT, N2 A1 N3 AbEE 4 HERETE P NO Ab P 5
FEPEf M NO A3 5 R e b J AR LL B i A Ak
ARG VE, FEICIREE IS P, N1 N2 A1 N3 Lb 33
NO I 3% # = = 48 g /il 7% P, 2016 4F 2 31 42 &
33.3% 54. 8% F142.9% ,2017 4E43 W45 25. 0%
38. 3% F130. 0% ;N2 Fil N3 &b 3 33 55) 48 Ak A TG

F3 FREFMTHBEHEREITHE(0~40 cm) TIEMEYERA S EREFENTMN

Tab.3 Effects of straw returning with nitrogen application on soil microbial biomass carbon C, N

and enzyme activities at 0 ~40 cm layer

SRR R L B R T R - WA, W EEERENE WERRRERE Y R
By kb3 . (mg- (g (mL-(g- (mg-(g* (mg- (g
(mg-kg ") (mg-kg ") AL
(24h)) ") (20 min) ) ~") (24h)) ") (24h)) ")
WhBERG  (148.36 £8.75)¢  (20.25£5.32)  (7.32£0.86)*  (0.64£0.05)*  (4.36+0.22)¢  (0.63+0.05)¢  (2.30+0.53)"
N0 (142.18%12.49)¢  (16.71£3.92)°  (9.05+0.89)*  (0.420.05)¢  (4.45£0.48)°  (0.5220.05)¢  (2.1120.52)"
2016 NI (160.64 £10.23)> (18.85£5.45)>  (8.52+0.68)*  (0.56+0.02)°  (4.87+0.31)"  (0.75+0.06)"  (3.04+0.38)"
N2 (182.83%15.68)% (21.47 +4.45)®  (8.19£1.34)*  (0.65+0.01)*  (5.79£0.63)*  (0.90=0.03)*  (3.5420.65)*
N3 (170.25£13.68)™  (22.42£2.73)*  (7.5920.81)*  (0.60£0.03)®  (5.06+0.42)"  (0.86£0.01)®  (3.26£0.49)"
N0 (165.18 £14.25)"  (19.06£3.54)¢  (8.66+0.96)*  (0.60+0.10)¢  (4.92£0.24)°  (0.58=0.03)°¢  (2.65=0.47)"
NI (175.64 £12.57)>  (21.67 24.62)"  (8.1120.68)*  (0.7520.04)"  (5.2420.24)"  (0.82£0.07)>  (3.54£0.68)"
2017 N2 (190.83£17.42)% (24.263.78)®  (7.87+1.26)*  (0.83£0.03)*  (6.26£0.56)*  (0.94%0.05)*  (4.16%0.56)*
N3 (185.25+15.25)® (24.85£3.64)°  (7.45+1.11)*  (0.780.12)®  (5.58+0.38)"  (0.88£0.02)*"  (3.8220.49)*
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Fig. 1 Effects of straw returning with nitrogen application on maize growth index
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Fig.2  Grain yield of maize under straw returning with

nitrogen application
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