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Effect of nitrogen amendment and straw-stubble input on accumulation of soil

organic matter in typical farmlands of Huang-Huai-Hai Plain

WANG Wenjing, WEI Jing" , MA Wenqi, YANG Yurong, GUO Caijuan
College of Resources and Environmental Science, Agricultural University of Hebei, Baoding 071001 ,China

Abstract: Soil organic matter plays a crucial role in soil fertility, environmental protection and sustainable development of
agriculture. Inventory of soil organic carbon is necessary for the development of strategic policies regarding to the global
agricultural production and environmental change. Carbon sequestration is very important not only to improve soil quality
and increase economic crop production, but also to increase soil carbon storage for carbon trading and mitigating CO,
emissions from the soil profile. Much attention has been paid to global carbon cycle because of the emergence of a series of
environmental problems such as the increase in atmospheric CO, concentration and global warming. More than twice as
much carbon is held in soils as investigation, and changes in soil carbon content can have large effects on the global carbon
budget in the atmosphere. Thus, increasing soil organic matter content is of great importance for the sustainable
development in China and the entire world.

Various management practices on agriculture land can have an impact on soil carbon content. Agricultural practices
that affect soil carbon include tillage system, cropping system, N fertilization, and many others. Agricultural management
practices such as tillage, rotation and fertilization influence soil organic matter dynamics after long term cultivation to a large
extent. Nitrogen application can have a significant effect on soil organic carbon pools and plant biomass production, but it is
not convincingly clarified whether nitrogen fertilizers increase or decrease soil organic matter at certain agricultural
conditions. The objective of this paper was to explore the relationship between carbon-nitrogen application and the

accumulation of soil organic carbon. The experimental data were mainly obtained from in ten long-term fertilization trials at
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different locations. This paper evaluated the change of soil organic matter in relation to input of straw-stubble organic carbon
and nitrogen amendment. All long-term trials were located in an important grain production area of China, the
Huanghuaihai Plain, and the duration of the trials varied between 5 and 15 years.

The results have shown that the relationship between the accumulation of soil organic matter and straw-stubble
amendment was significantly affected by nitrogen fertilizer rate. Both HNPK ( fertilizer nitrogen rate >330 kg/(hm’a))
and NPK (fertilizer nitrogen rate <330 kg/(hm®a)) have influenced the relationship between the amount of straw-stubble
amendment and the change of SOM significantly (P <0.01). When the carbon of straw-stubble amendment was the same,
the annual average of soil organic matter accumulation in HNPK treatment was significantly smaller than in NPK treatment.
When fertilizer nitrogen use was higher than 330 kg/hm’ a (HNPK) , the amount of straw-stubble amendment necessary to
maintain soil organic carbon (MSC) was 7254 kg/(hm’™a) , while it was 1297 kg/(hm*a) in the NPK treatment. The
former was 5. 6 times more than the latter. In summary, overuse of nitrogen fertilizer largely decreased the net accumulation

of soil organic carbon and had negative impact on improvement of soil organic matter.

Key Words: nitrogen amendment; straw and stubble input; soil organic matter; Huanghuaihai Plain
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BT R R VR T 3 M v R, R A R AL BT RS AL AR 4 AT 10 AN FOR KR AR
g

I 8 AR A BIAL T BN I, B A AR i BE X R R ) 25 T ST R i 7K U b — AR b — A — 2
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¥ 40% o PRI AS SCAR 8 LG A2 A A AR B 43 WA 0 45 Hh 11 EUAEL, BIVINGE FORARTE L3 0.6
1.2.2  FEFPRPRLELHIB 2
N FRFEFFHPRLLLAACTEBIBER (R 1) , SRR A AR 1.1 A 1.2,

®1 FEFAFRILL
Table 1 Ratios of straw to grain
E7IES FERFAPRLEL i AXBHK
Kind of crop Ratios of straw to grain Rang Parameter of the text
/NFE Wheat 1.01100 7, 1 (1141 g 330151 .9 40161 .1 5017) .1 08—2.57(4 1.0—2.57 1.1
E K Comn 1.203-14.16] .1 250151 ,7 40100, ol11-12] .0 86—1.89(4] 1.2—2.0 1.2

1.2.3 AR HRNHE

KA E AR T AR 8 23R H |, BSE 35 2 100%
1.2.4 FEFFRFEERE W E

AR EA VLR SR BIRE) , B X T RN R P& & 40% s APFR H/INE ERFEFFFIAREE R
FREYIN40%
1.3 HEFE
1.3.1 MSC e 5ite

Johnson" $2 7R FIVEMIA R , R AR FIEHERS G, MSC A Fr Al . {H MSC 7 i3 2 M 7 R i

y=a+bx (1)

KA,y & SOC A& ,x Bk A TR & &, HIL, X T4 & N RE RIS, BHEEA KK
B SOC b &, Eid R 5 /T F R CHFHRMEX R, AT & Z it X T BRF MR a b, X a,
bifEE B y FF 0, 4R LA VUR & EAZE, B H « ME, BliZ#bIX ) MSC,
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() APRL=8  XFICE EMRE /R  FRAPR= &, ZH FEA SO R AR T A E R = &
XF FICHR A R4 T /NEE BRI BRI B SR A E AR &, AR SORR 4 JHC At b 38 2 T 5E 1 /N2 ERATAL
PR PR PR ELE D 0.7, HE T HE S /N ORI,
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FEFF =& = FPh™ & x REFPFPRLEL
FEFFRRGA H B = FE AT & x AP Sk E
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EAER R Hit R B BRI R0, A DR 2 ARS FAAR 3 0 3, B A SCae 85 K 3 s i
B ¥ AR AIHE o
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F2 T A SOREE BRI T IR 10 NA/NE B FOR K E AR 48 /b3 () R 5 LA ML
JRAFLEIFEAE B . K 2 AT UIF 1, A0 B AU F B 7E 0—949 kg/ (hm™a) , Hip A Rt AR X AL 2 6
AT AT 330 kg/(hm™a) FALHE 21 AMFTE T 331 kg/ (hm™a) FYALHE 21 > REFFRIARZE A BRI A B
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F2 KPEMRABRPAIEER EHFTESTHEGNRESETHER
Table 2 The situation of fertilizer treatment, straw amendment and the change of SOM in long-term trials in the region of Huanghuaihai plain

AR R ERE FF R A DR
al o tmen gt Dol Nl St g OO gy
Test site Soil taxon Duration ertilizer application amendment Total C (S +R) Net Change Citation
treatment rate/ rate/ ) of SOM
(ke (h-a)) (kg (hn?a)) 7 K& 00/ g )
bz I 13 CK 0 0 1226 0.135 [18]
J6xt I 13 N 300 0 1472 0.171 [18]
J6xt I 13 NP 300 0 3443 0.257 [18]
J6xt I 13 NK 300 0 1652 0.256 [18]
Jext I 13 NPK +C 300 1200 5265 0.386 [18]
J6xt I 9 NPK 322 0 5286 0.232 [19]
dbxt I 9 NPK + W 282 889 6358 0.526 [19]
bz I 9 NPK + HW 287 1333 7293 0.778 [19]
dbxt I 9 NPK +C 266 1333 6764 0.303 [19]
ik I 8 CK 0 0 1326 -0.245 [20]
ik I 8 NPK 475 0 6903 -0.095 [20]
ik I 8 NPK + W 475 1800 10014 0.210 [20]
ik I 8 NPK +C 475 1680 9145 0.174 [20]
mdL I 8 2NPK 949 0 8246 0.010 [20]
ik I 8 CK 0 0 1832 -0.258 [21]
L I 8 NPK 475 0 6875 -0.115 [21]
mdL m 8 NPK + W 475 1800 10066 0.375 [21]
mdL m 8 NPK +C 475 1680 9845 0.344 [21]
ik ik 8 2NPK 949 0 7354 0.012 [21]
ik ik 8 NPK 475 0 7225 -0.115 [22]
ik ik 8 NPK + W 475 1800 10390 0.386 [22]
ik ik 8 NPK +C 475 1680 10240 0.344 [22]
mdL I 8 2NPK 949 0 7765 0.012 [22]
ik I 8 NPK 475 0 6903 -0.067 [22]
L I 8 NPK + W 475 1800 10046 0.210 [22]
mdL I 8 NPK +C 475 1680 9894 0.174 [22]
mdL I 8 2NPK 949 0 7465 -0.049 [22]
ik v 7 NPK 479 0 6226 -0.229 [23]
R \ 6 NPK 291 1439 7103 0.533 [24]
R Vi 15 N 353 0 3637 -0.047 [25]
MR Vi 15 NP 353 0 6215 0.073 [25]
N Vi 15 NPK 353 0 6397 0.027 [25]
N Vi 15 NPK +C 353 3200 9923 0.273 [25]
TR Vi 5 CK 0 0 753 0.004 [26]
TR Vi 5 NP 300 0 6501 0.294 [26]
TR Vi 5 NK 300 0 888 0.026 [26]
R VI 5 NPK 300 0 6359 0.308 [26]
R VI 5 NPK + W 150 1000 7257 0.700 [26]
IR VI 15 NP 165 0 6292 0.147 [27]
IR VI 15 NP 165 900 6934 0.387 [27]
IR VIl 15 NP 165 1800 7447 0.660 [27]
IR VIl 15 NP 165 2700 8346 0.940 [27]
7R VIl 15 C 0 900 4494 0.480 [27]
IR KX 15 NP 165 0 4494 0.200 [27]
IR KX 15 NP 165 900 6549 0.340 [27]
IR KX 15 NP 165 1800 7062 0.420 [27]
IR KX 15 NP 165 2700 8089 0.593 [27]
IR X 15 CK 0 900 5906 0.367 [27]

CK X RIS, 3 PR AL 22 AR s N S0 s NP - RUIEFIBRAE s NPK : 80 B B IE s NPK + W2 580 B B AE A/ RS AT NPK + C &L B B
FNERFEFF 2NPK AR RN RS IR0 2 A5 T it TSm0 PSR B0i4e 15 IV . 3h Bt 1 V R R Ar 1385
VI B s VI R B i) b s VI b (P ) s I 1 R (D3t ) 5 Total C(S+R) BLARSFIARZE S Aok
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£ 753—10390 kg/(hm®™a) , Horst K ; A RIALEE T A VURFEAZ LB R/ N E -0.2580 g/ (kg-a) . Fx K
72 0.9400 g/ (kg-a) ,"F¥I{EN 0.2260 g/ (kg-a) ., 48 b3 +ITA VLR FE BB E/NFFHEK L 24
A, BREAHE FAEAT b2 HERL 4 A5 HE RIS, Fol 4% 20 ~Ab 3 o AR A B 5 330 kg/ (hm™a) FALFEA 16
A, IR 20 LY 80% T LA VUL E K T F AR 24 b3, AL EKT 330 ke/
(hm™a) FALFEA 19 4, & LA HURFE AL BN TP E R T A A H K 79% o AT W, ZAEF B Xt 1A
HURAR BA — %
2.2 +HEAWEHRBSHARANXR

WRAZ BANERA, 48 MO HIEF YRR SRR IEHZR R LA 1, KR
%, R4k 0. 110 (r=0.3317,P <0.05) ,izJH t I E T BEMDHTEE 1 =2.38 (1y0s <t <foo0s) » B
TAERRRI T BEIEAER EIHARIXBIN B E EAXRR ; RAF EE VRN 48 MEHEE HIEF
AR S5 RAE R R ILE 2, 4156 R BRI, R AR 0. 097(r =0.3114,P <0.05) ,iz [ ¢ I kEHT BE
PESTHTAR Y £ =2.22 (15,095 <8 <lg005) , ~ERRBBN T BETMR, HIFRBEBIRBE AR,

1.0

o
1

R?=0.110
P<0.05
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Fig. 2 The relationship between input of N fertilizer and the
change of SOM

Fig. 1 The relationship between input of SOC and the change of
SOM

TSR BT A Ab B DA 3 7RG 7 i Ak 2 IRt P B (330 kg/ (hm™a) ) MARifE , it R R & ( <330
kg/(hm*a) ) R EFEEMEA( >330 kg/(hm™a) ) ,FEFRER L HE S HEAGIREMEZ MY ERBELT
FIEER R4 0.6344 F10. 6814 (& 3a.b) (r=0.7965 F10.8252,P <0.01) . i ¢ Kyt 4T B2
TR ¢ 4302 6. 58 F16.37 (1 <ty0s), HILE FREBEEMIXER, WHRIESEAN HFEEIERERES
BN Z R RBERZ M,

LB 3a FIE] 3b A L, [FAERRIE AACE T AREMA N LIEAVEEMERES TR EHER . WEHR
FFRRIE FH &l 6000—8000 kg/(hm’ a) i, R E MR T LA VR B HMLE 0. 1467 ¢/ (kg-a) , B2
0.7778 g/ (kg-a) , MU R IEMH, H A B ; & 3b 7] WL, S B A T # FHixiE H & 6000—8000 kg/
(hm’*a) B}, A PR BERALSE - 0.2286 o/ (kg-a) , @ AU 0.0733 g/ (kg-a) , KEsHHH, HA
¥INO0 g/ (kg-a) 5. FAFRFARER LS HEMHFN, & 2GRS KEilEEAAHLERAF T LIEE YRR
i
2.3 EEEFEA R AN A& T 5 MSC

HR3E Johnson"* g MSC Hy 71k, B /&l 3 B EAFER R T, LA VURF R 5B KEEEE RS
B«

EEMZ y = 0.000089 x - 0.1167 (2)
EEMEA vy = 0.000083 x - 0.5804 (3)
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1.0 - a N<330kg/(hm2a) N 0.5 b N>330kg/(hm?a)
2 08f ¥=0.000089x - 0.1167 o 041 =0.000083x - 0.5804 o
ch R*=0.634 p<0.01 ¢ 03+ R>=0.681 P<0.01
Bz o6l s
I 02 ?
§§ 04+ 0.1k
o)
B2 ool 0F
Be -0.1
S ol e
H§ -2}
S-02F o, 03}
-0.4 I I I I I I -04 I I I I I ]
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B3 FAEEEAERTHENBRAERSIEGNRRBANXEA
Fig. 3 The relationship between the input of SOC and the change of SOM in different N fertilizer rate

Py EHEAVURAEE, 07 g/ (kg-a) ;x FEFPARFERRA & , BT kg/ (hm™a) . RIZAR(2) Hy %
F 0, 3R « SN 1297, B #¥E1-F JRAE R B A B BT B9 MSC 2 1297 kg/(hm™a) ; AIEMRE AR (3) HHE
HE SRR BHAE LT MSC 2 7254 kg/(hm™a) . A/ LR EHEA T # MSC B B K FAREMI A T 1Y
MSC, B 2S5 #1 5.6 5. AL RIEAZZN MSC R R Z —, FILH A& 35 in & MSC 3K,
3 itig

B T I I B A 4 3R AE S IR KR, CO, YR BE ) W AR T, S 4R O 2] [ g AR I+ 3 A LR
AR PGS . IAREFARER R B — EWEEREE HRANRSENEERE? , BN
REERE , HLAGRA M RINEY RN BRI AR A VA RORE LD R, TR T2 & H A B R,
eI L5 A FAC R A 3, e S it B AR A FUE

L FTIR AR R USRI I, Gruber F1 Galloway $5 H} , ik BAE PR Z [8] BAE K 58k %o H Bk R Gt Bk ok i
FigeE HEDY . BRI A LR R B ETE R R, — BT 58 2 RUIE it R % 3
SOCH> (B NAHFF G5 IR E , & B AR LA WURA BLRME A, s BRI AR T LA R BB, K
TGN T HEAPURHR . XA RER B T AR S IR W 4 O on R, RAE R 2 bt A s 1
HIEAE Y R TE N RERIR AR E N RO R B SRR Y WE M, SETINEE T XF SOC fy 43 fif , 24 Ho 4y fifk T
FERT SOC W& BB , & i T H3A PRI TR

FEME R K E AR E , RS B ARG R, a5 RN E R
1R R FE Y # B B4 375—673 kg/(hm™a) , NMEE T4 FHEF AR F45&E B & (300400 kg/(hm®™
a)) ) W E FABIFT B E #) 330 ke/ (hm™a) B IR, Ui B B 1V E AT MG R B AL S RAZ R
o, B RS HIEA VR BERARK . BREHBIMEARRERCEZIIAMENR, HREHRELZ L
= RS S YO BAR , RAOF B EE VRO RRE, FHit, S REDR RN AR T E
R P EILRE LA VUR & BIE N EE R

B TABR BRI RIE T AR K E A0S, iR E R FER . DBV G S BESFRRA £
5, BiRg w4 10 DI VUR WP I a4 S &, R LA VUR WA R aeE S 1R &, 4%
A AR A S PR AE Ak B 3R AE LA A8 , ] S AR 28 Rl R R B 0 — 2P 5%
4 #ig

(1) KEEET , &A% REIEH A, LIRA VR R SFEFR 2GR H & 2 IEAHR R R ; A E B
EH, FEAVURAEE S RIEHHE 2 AR  (HHMH X R PR MK. &4 hEEFEEERPAE
i, A VUL R SHEFFR FEAGA H 2 2 R ¥ 24K B EAHR R . AIEHE A LA PUR B 5mik
ARREBEREMW,

(2) FHARIEHREFRE, REEA T HEEIRNFEIHREEABRTREEA, EHRERAR

http ://www. ecologica. cn



13 3 EXH S RE AR AR B AN B R BUR B A YURAR R 3597

HEX + A HLBR R R A FI I o

(3) FEBLIEME T IR BT ARy L HUBOT- A AR A (MSC) J2 7254 ke/ (hm™ a) fREIER
ff) MSC 2 1297 kg/ (hm™a) ,Bi & 2JGE K 5. 6 fifo LRI, K it F AL & MSC 3 im, FEAR THRABKE
MR
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