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Productivity and soil nutrient evolution under long-term conventional
fertilization in irrigation silting soils
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Abstract: [ Objectives ] Irrigation silting soil is an important soil type for grain and economical crop production
in the northwest region of China. Studying the yield and soil fertility evolvement under long-term fertilization will
provide reference for choosing proper strategy to improve soil fertility and high yields. [ Methods ] Seven
national farmland quality monitoring field were established in typical irrigation silting soil regions during
1988-2004, four of them located at Yinchuan, Wuzhong and Shizuishan regions in Ningxia, and the other three
located at Hetian region in Xinjiang Autonomous Region. The yield data were collected, and the yield variation
coefficients and sustainability yield index were calculated. The soil total N, available P and available K contents

were collected, and the soil fertility contribution index to the yields of wheat, maize and rice were calculated. The
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relationship between yield increment and soil nutrient contents were also calculated. [ Results ] After the long-
term conventional fertilization, the wheat yield showed an increasing trend over time, reaching the highest point
(7.58 t/hm?) at 2004, and then remained stable. The wheat yield in 2016 was about 2 times higher than the initial
year. There has been an increasing trend of maize production over time, with an average production of 9.8 t/hm’ in
2016, which is about twice of the initial year. As the relative short years for rice production, the rice yield was not
significantly changed. Compared with no fertilization, conventional fertilization increased the average yields of
wheat, maize and rice by 3.43, 3.20 and 1.21 times, respectively, and the sustainability of yield index by 18.8%,
148% and 13.9%, respectively. The fertility contribution index of wheat and maize were consistent during the
years, with a slight downward trend, while that of rice was increased at an annual rate of 0.0125. The total soil N
content was increased from 0.4 g/kg to 1.1 g/kg, and the contents of available P and K changed little over 28
years. The increment of wheat and maize yield was linearly positive correlated with soil total nitrogen contents.
The average nitrogen fertilizer agronomy efficiency of wheat, maize and rice were 9.8, 16.8 and 27.4 kg/kg
respectively. [ Conclusions ] Conventional application of chemical fertilizers (mainly nitrogen fertilizer) has
effectively increased the yield of maize, wheat and rice, but the increasing intensity showed decreasing with time.
The soil total nitrogen content is increasing, and available P and K contents are stable at irrigation silting soil.
Therefore, reasonable nitrogen fertilizer is still the most important and necessary for keeping stable and high crop
yields, and soil fertility is also need to be improved for efficient crop production in irrigation silting soils in the
Northwest of China.

Key words: irrigation silting soil; crop yield; fertility contribution rate; yield sustainability index;

nitrogen agronomic efficiency
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Fig.1 Crop yield dynamics at long-term observation sites of irrigation silting soil
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2.3 ERBE R AR T RHE
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[P EA 18 P2 R ) 343% . 320% AT 121%, HiIA 3
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HYRG P 1~3 5T A BB, 43518 52% il 48%,
HR BT KTF 545, 400100 24% F129%; K FEHg
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Table 2 Changes of crop yields in monitoring sites of irrigation silting soils under long-term conventional fertilization

1778 Average yield (kg/hm?) A RELCV (%)
W g _ _
Site /NFZE Wheat %K Corn JK & Rice /NA Wheat K Corn JKFE Rice
CK F CK F CK F CK F CK F CK F
#2411 Yinchuan 13091 4245 8987 6 16 6
£2)1] Yinchuan 4404 9074 11 5
AW
o 3299 9139 2375 6350 33 43 83 7
Shizuishan
il Wuzhong 2111 7117 1977 8586 84 28 94 24
FNH T Hetian 1350 4906 1692 5881 45 45 42 22
FIH T Hetian 1268 5314 1548 6313 41 42 41 19
FIHI T Hetian 1252 4825 1483 6164 50 41 51 25
JK Total 2007 7398 1898 6783 4325 9031 47 44 19 18 3 1

H: (Note) : CK—ANJifiHitt No fertilizer input; F—JfEfl Applying fertilizer.

1.0 -
O JCJEX No fertilization
| WEAEX With fertilization

< o <
S =)} o]
T T

e AT RREE R A
Sustainable yield index
<
o

T

K Maize

S

/N Wheat 7K# Rice

2 TEITEARERER TEMM = S et i i
Fig. 2 Sustainable yield index of wheat, maize and rice
under no fertilization and conventional fertilization
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0.02~0.83 1 0.34~0.57, /N FIT KA H S STHk+E
BKZEFT 0.10~0.36, FREMEFAEE . KH
WEDIEAR T 2004 47, Hoith 77 5Tk 22 500 2 AF B 19 35 m
Mg, A3y 0.0125,
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Fig. 3 Dynamics of crop yield increment under conventional fertilization at long-term observation sites of
irrigation silting soil
[ (Note) : It EARR/NEG FRFOREREIZEREZE (P<0.05)
Different letters above the bars indicate significantly difference among different years (P<0.05).]

DAY R A S RS, S
R, M 0.4gkg FTFEIT 1.1 g/kg; AKHHHESEMN
0.8 g/kg ETHE 1.4 g/kg, PMPEECR (B 6). Ik
#2016 4, FHLIEAA S R BWIHA 0.7 g/kg,
TR AR 1 PTG AE 0.4 g/kgo

& 6 AT, 1995, 2001 F1 2005 4E453 Ay 5 AT
Rl S B A g A AR Y 2~3 %5, TR M4 A
B R K, HABAE D B AR T A L E
FEAFAE 17.5~40.1 mg/kg, 2016 4, S+
B B SR AEAH LRI T 57%, JK 5 2R
fEEHEARL, FER LRGN T 76%. 1T I,
B WAL I , R b A 3 R AR

VIR + X8k, Moo RS ESE, o
DL, 77 B0 Wa D A5 A A AT 43 it T /0 o 4 I
(16~20 kg/hm?), T i 0 DU s AAE R AR AR Tt ] 17
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NEFIZE . BEIE. MIE 6 Hhal LIE 1, BTl it i
R, 5 s R4 & B AE 1998 4EF1 2004 4B 4%
w, HAAR O W — AR REAE 130~170 mg/kg ZIH],
BTRE. KHS R T8, ME
SRR AR, A A R R R E
26 EERS5HIERSNXR

ST EHEA MU . A AR R A
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S 40t
=
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Fig. 4 Frequency distribution of the increase proportion
of crop yield under conventional fertilization at
long-term observation sites
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B N B B S A, 2016 AEEA) UA W I R 19 A0
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Q
5 10 y=—0.0014x + 3.0637 * cl® . ¢ :
—~ 2 — = F
SR B =00062,n=97 »=-0.003x +6.2293 0.5
Nt} . - 2 =
52 . . 06 [y K=0019n=77 s
£ E o6 | I
Z 5 06 . N PS * 20 ®o 04 &
= 2 » o COPS . ¢ .
SE 04 »=0.0125x ~24.718
2, o % 02 lo $ 0.3 1 R =0.1635n=8
302 o . o8 B8
wn
0 1 1 1 1 1 1 ] 0 1 1 1 I“‘I 1 J 02 1 1 1 1 J
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Fig. 5 Contribution coefficient of soil fertility to crop yield under long-term conventional fertilization
at the observation sites of irrigation silting soil
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Fig. 6 Dynamics of soil total nitrogen, available phosphorus and potassium content in irrigation silting soil
under conventional fertilization
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Fig. 7 The linear relationship between Increment of crop yield and the total N content in irrigation silting soil
at long-term observation sites
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Fig. 8 Dynamics of the agronomy efficiency of nitrogen
fertilizer under conventional fertilization at long-term
observation sites of irrigation silting soil
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