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Evolution of soil organic carbon and crop yield under long-term
fertilization in grey desert soils
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(1. Institute of Soil, Fertilizer and Agricultural Water Reduction, Xinjiang Academy of Agricultural Sciences, Urumqi 830091, China;
2. National Grey Desert Soil Fertility and Fertilizer Effect Monitoring Station, Urumgqi 830091, China)

Abstract With a cropping area of 1.76 million hectares, the grey desert soil (hapliccalcisol) is crucial for agricultural
development in Xinjiang, Northwest China. The use of chemical and manure fertilizers has been an effective way of increasing
crop production. However, there has been limited information on crop yield and soil organic carbon evolution in the region
under long-term fertilization using both organic and inorganic fertilizers. Thus this study was conducted to determine the
relationship among carbon input, soil organic carbon and crop yield in grey desert soil in Modern Agricultural S&T
Demonstration Garden of Xinjiang Academy of Agricultural Sciences. The study also analyzed the trends in variations in crop
yield and soil organic carbon under different long-term fertilization practices. The results of the study will provide scientific

database which can be used to improve soil fertility and promote sustainable development of crop production in the study area.
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A long-term experiment was conducted using various fertilizations in 1990-2013 in wheat (7riticum aestivium) and maize (Zea
mays) crop rotation system in grey desert soil. The fertilization treatments included the control without fertilization (CK),
chemical nitrogen plus phosphate fertilization (NP), chemical nitrogen plus phosphate and potassium fertilization (NPK), NPK
plus animal manure (NPKM), two times animal manure of NPKM (hNPKM), and NPK plus straw (NPKS). The results showed
that: 1) soil organic carbon contents of CK, NP and NPK decreased by 0.094 g-kg™'-a™', 0.043 g-kg™'-a™' and 0.053 gkg™"-a™,
respectively, from 1990 to 2013. Although chemical fertilization increased crop production, but decreased soil fertility. Annual

"and 0.575 gkg™', respectively,

rates of soil organic carbon increase under NPKM and hNPKM treatments were 0.360 g-kg™
from 1990 to 2013. Therefore the application of manure played an important role in improvement of soil fertility for crop
cultivation. 2) Compared with CK, long-term application of chemical fertilizers with manure (NPKM and hNPKM) increased
crop yield. However, compared with NP and NPK treatments, chemical fertilizers with manure (NPKM and hNPKM)
significantly increased wheat yield (P < 0.05). There was, however, no significant difference in maize yield between observed
manure treatments and chemical fertilizers treatments (P > 0.05). The highest maize yield was 220 kg-hm-a™' under NPK
treatment. The coefficient of variation of wheat yield (29.1%—43.9%) was higher than that of maize yield (19.0%-32.7%). There
were no differences between NPK with straw and NPK with manure, which suggesting that the effects of straw return on crop
yield was not negligible. 3) Carbon input was significantly positively correlated with soil organic carbon and crop yield (P < 0.05).
Thus increasing carbon input (manure or straw return) was a key of improving soil fertility in the grey desert soil region.

Keywords Long-term fertilization; Grey desert soil; Soil organic carbon; Crop yield evolution; Carbon input
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F1 WRETKHREXARE LR T IEIRE LR N 46.0%,
Table 1 Initial soil physical and chemical properties in o o/ . o
different layers of grey desert soil in the tested area N 18.0% P 20.1%; K 44.8%
Soil la
ndex yer (om) 1990—1994 , 2 1995
020 200 N8.0gkg' P23 gkg’
Bulk density (g-cm™) 1.25 . ’ T ERE 0 ERE
3.0 gkg”
(<0.001 mm) 283 381
Clay (<0.001 mm) content (%)
pH 7.95 8.03
1.3
Organic carbon content (g-kg™") 8.80 7.77 >
o 349 m, 13.4 m, 468 m
Total N content (g'kg ) 0.87 0.90
Total P content (g-kg™") 0.67 0.75 70 cm ’
Total K content (g-kg™) 19.80 21.80 10 cm )
. . = 16.2 —_ > B
Cation exchange capacity (cmol-kg™) 3
_ . 84.0 774 ’
Alkaline-hydrolyzable N content (mg-kg ) s ,
Olsen-P content (mg-kg™ 21.95 9.15
NH4OAc-ext tbl(Iigt)t + 2008 ’
4OAc-extractable K conten
602.3 432.6
(mgkg™) 2008 60%

®2 TEALE 1990—1994 7119952013 EEFHMAE
Table 2 Average annual nutrients application of different treatments during1990-1994 and 1995-2013

Chemical fertilizer (kg'hm’z)

K Animal

Treatment N P manure Stra\g
1990—1994  1995—2013  1990—1994  1995—2013  1990—1994  1995—2013  (thm™) (thm™)
CK 0 0 0 0 0 0 0 0
NP 99.4 241.5 292 60.2 0 0 0 0
NPK 99.4 2415 29.2 60.2 18.8 50.4 0 0
NPKM 29.8 84.9 8.7 22.4 6.7 10.1 30 0
hNPKM 59.6 151.8 17.4 39.4 13.4 15.5 60 0
4.5( )
NPKS 89.4 216.7 24.5 50.8 16.9 423 0 9-0( )
4.5 (wheat straw) /
9.0 (maize straw)
100% R ) >
40% 1
, 2008 ¢ 177 18 ¢ 28 7,
; , 2 > 18 7,
‘SC704° ¢ 7 7 ¢ 12 7
: 1999 - - 1.4
, 1999 , 2000—2008
- - ; 2009 , 5 cm 0~20 cm
- - 20~40 cm , 5
0.25 mm SOC , SOC
9 , (DB/6500 B11 1440—87)
2 7 20 ; 3 SPSS ,
20 , 7 25 ; 4 ; Microsoft Excel
25 ,9 20
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Fig. 1 Change of soil organic carbon content in grey desert
(1-0.14)x0.444 (%) soil under different long-term fertilization treatments from 1990
: 0399 0.444 to 2013
,0.14 SOC
2 BRE5SR ; 3 3
2.1 SOC >, S0C ’
SOC ’ (P<0.01),
. socC ’ 0.626 gkg'a' 0.305 gkga’,
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(0~20 cm)SOC PR (x) B #E X 1 (n=24)
SOC 1 Table 3 Correlation analysis between soil organic carbon
( ) content (y) and fertilization years (x) in grey desert soil under
NP NPK SOC , different long-term fertilization treatments
RZ
Treatment Fitting equation
SOC , -
CK y=—0.056x+8.717 0.3419
SOC 1 NP y=—0.004x+8.994 0.001 7
SOC  8.800 g'kg" ,24 NPK y=—0.024x+9.148 0.065 6
(CK) SOC 6.541 g'kg ™', NPKM $=0.305x+9.132 0.8163"
0.094 g'kg™'; NP NPK SOC hNPKM »=0.626x+8.730 0.951 5™
7.772 g'kg_l 7.540 g'kg_l, NPKS =0.004x+8.573 0.002 3
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Fig. 2 Changes in yields of wheat and maize in grey desert soil under different long-term fertilization treatments from 1990 to 2013
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, , (NPKS)
, (29.1%~ ,
43.9%) (19.0%~32.7%) ,
, 44.1%~49.7% CK
, CK
, ( 4 4.71 kg-hm™, (P>0.05)

, (CK) ;
NP NPK NPKS CK(P<0.05),
(hNPKM  NPKM)
NP NPK  NPKS(P<0.05)
,NP NPK NPKM hNPKM NPKS
153.1 kg'hm™
175.2 kg'hm™ 163.7 kg-hm™> 180.8 kg-hm™

179.2 kg-hm™ ( 4),

CK(P<0.05),
(NPKM hNPKM NPKS)

(NP NPK)

B

NPK>hNPKM>NPKS>NPKM>NP>

CK , NPK hNPKM
NPKS (P<0.05),
0.4%~2.7%, NP NPKM
, 123.0 kghm>a' 170.0 kghm*a™’,

(P>0.05)

6.2 kgthm2a™', (P>0.05)( 4)

T4 1990—2013 FREATREELRLBTRGELNE., EXFEHUFERTK

Table 4 Means and changes of both wheat and maize yields in grey desert soil under different long-term fertilization treatments

Wheat Maize
Treatment Mean yield Yield change Variance coefficient Mean yield Yield change Yield coefficient of
(kg-hm™) (kg'hm™>-a™") of yield (%) (kg-hm™?) (kg-hm™>a™") variation (%)
CK 1 132+500a -4.7 43.9 4 381«£1 430a -6.2 32.7
NP 4 709+1 370bcd 153.1 29.1 7 631+1 760b 123.0 23.0
NPK 4 642+1 510bcd 175.2 32.6 7 743+2 240b 220.0 28.9
NPKM 5221+1 460de 163.7 27.9 8 456+2 230b 170.0 26.4
hNPKM 5439+1 640e 180.8 30.2 8 451+2 030b 205.0 24.0
NPKS 4 332+120b 179.2 37.4 8 163+1 560b 176.0 19.0
2.3 SOC R
[12]
, CK ,
, ( ) CK , ,
, ( 3a),
5 1990—2013 :y =136.5x+3 323.9 (R2:0.57*), y =138.1x+
5 , CK 3290.4 (R*=0.79")
s SOC R R
NPK , SOC , )
6.24~10.3 2.94~4.86 NPKS 1 y=2.37x+5.53 (R2:0.983, P<0.01; 3b),
4.89~2.35 SOC SOC .
R NP NPK ( 4 SOC
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Table 5 Average carbon inputs of long-term different 3.1 SOC
fertilization treatments in grey desert soil g(C)-hm>-a™" :
SOC
. [13-16]
Treatment Average annual carbon input P
CK 0.731+0.480a SOC s
NP 1.524+0.420b
NPK 1.554+0.468b
NPKM 4.565+0.450d SOC [17]
hNPKM 7.552+0.436¢
NPKS 3.575+0.531
: : 20
4400 a 30 - b
A ~
o L T
. 4200 \ st
< = 2 =2.3573x+5.5985
& 4000 | W=136.5x+3 324 p Yoo "
k) Yo™136.51 g 5 201 R*=0.9857
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Fig. 3 Relationships of average annual carbon input of both wheat and maize with both crop yields (a) and soil organic carbon

content (b) in grey desert soil
CK

carbon input are difference values of fertilization treatments and non-fertilization treatment.
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33% Whitbread 1%
, 3.2
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