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Potentials of chemical fertilizer reduction for wheat production in Hexi oasis
irrigation area under long-term application of green manure
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Abstract: [ Objectives ] We studied the effects of decreasing different ratios of chemical fertilizer on yield
stability of wheat, and the changes in soil fertility contribution to crop yield under long-term application of green
manure, to provide a scientific basis for the efficient and sustainable development of wheat production in Hexi
oasis irrigation area in Gansu Province of China. [ Methods ] Field experiments were conducted consecutively
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for 12 years in Hexi oasis irrigation area from 2009 to 2020, the tested crop was spring wheat. The experimental
treatments were composed of no fertilizer (CK), 100% chemical fertilizer (CF), and reducing the chemical
fertilizer rate by 0%, 10%, 20%, 30%, 40%, and 100% respectively at the base of applying green manure 30000
kg/hm’ per year. The cumulative yield, sustainable yield index (SYT) and its coefficient of variation (CV) were
investigated. A grey linear model was used to quantitatively analyze the dynamics of yield and soil fertility
contribution rate to yield under green manure application. [ Results ] As the experiment progressed, the
cumulative contribution rate of fertilizer to wheat yield exhibited an increasing trend under green manure
application except for 100% reduction of fertilizer application, and there was no significant difference between
treatments in the contribution rate of fertilizer to wheat yield, reaching about 60% in 2020. The cumulative soil
fertility contribution rate of CK decreased from 57.41% in 2009 to 34.24% in 2020. Reducing less than 40% of
chemical fertilizer did not decrease the average yield of entire 12 years, compared to 100% chemical fertilizer
treatment (CF). However, higher chemical fertilizer reduction rate exhibited rising yield CVs and declining SY]s.
The grey linear model revealed that the yield dynamics of chemical fertilizer reduction less than 40% was
significantly higher than CF treatment. The 40% fertilizer reduction treatment recorded lower yield than CF from
the ninth experimental year. Wheat yield (y) and chemical fertilizer reduction rate (x) had the regression
relationship of y=—0.292x*+11.917x+6667.34, with the theoretical maximum yield at the reduction rate of 20.41%.
The yield was mainly correlated positively with plant height, spike length, fertile spikelet number, and grain
number per spike. [ Conclusions ] On the basis of continuous application of green manure at 30000 kg/hm? per
year, reducing 20%~30% of local chemical fertilizer input will increase wheat yield, enhance the yield stability,
and the soil fertility contribution to yield, that will increase the chemical fertilizer efficiency and the sustainability
of wheat production in Hexi oasis area of Gansu.

Key words: wheat; green manure application; chemical fertilizer reduction; yield; sustainable yield index
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Table 1 Chemical fertilizer reduction rate, and nutrient
and green manure input in different treatments

RAEE LG (%)  DOATE Input (kg/hm?) g (o /mm?)

Treatment Reduction rate N P,0; Green manure

CK 0 0 0

CF 225 150 0

T, 0 225 150 30000
T, 10 202.5 135 30000
T, 20 180 120 30000
T, 30 157.5 105 30000
T, 40 135 90 30000
T 100 100 0 0 30000

H: CKAARHEIEN IR CFR100% MK ; T, Topn To. Tosn
T Toof CRBIESGALE AL/ A 0% . 10% . 20%. 30%.
40%. 100%.

Note: CK is no fertilizer control; CF is 100% chemical fertilizer;
T, Toros Toag, Toso Tosg, Toio are reducing the chemical fertilizer rate by
0%, 10%, 20%, 30%, 40%, and 100% respectively at the base of

applying green manure.
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Fig. 1 Dynamics of annual wheat yield in different treatments from 2009 to 2020
H: CK NAHEHEXTAE; CF 2 100% RAE; Too Toow Tagn Toon Toos Too ARERBIRERAL)S FLAESHIIEAL 0% . 10% . 20%. 30%. 40%.

100%.

Note: CK is no fertilizer control; CF is 100% chemical fertilizer; T_,, T o, T 20, T 50, T4, T_100 are reducing the chemical fertilizer rate by 0%, 10%,

20%, 30%, 40%, and 100% respectively at the base of applying green manure.
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Table 2 Average yield of 3-year-period and cumulative yield increase under different treatments from 2009 to 2020

517 Index b3 Treatment 2009—2011 2012—2014 2015—2017 2018—2020 2009—2020
FEE Yield CcK 33531190 ¢ 3426+599.3 b 3363+374.6b  2347+4778¢  31224517.9¢
(kg/hm?) CF 7168+541.8ab  5624+1054a  6501£9722a  5942+605.1a  6309+677.7a
T, 7509+347.5ab  6299+1154 a 6573+9943a  6437+647.9a  6705+547.9a
T 7608+641.3 a 6469+865.5 a 6709+949.5a  6126+585.1a 672846333 a
To 7912+474.1 a 6352+1056 a 65501087 a 6064+6349a  6719+819.3 a
T 8046+598.2 a 6459+907.1 a 6771£1170 a 6009+7962a  68214874.5a
Tow 7884+427.4 a 6413+710.5a 6527+1219 a 5906816.6a  6683+845.4a
T o 6402+432.9 b 4725+652.3ab  4853+1370ab  3768+595.9b  4937+1090 b
AH LT CF Y SRR -4 CK -53.23 -39.08 —48.26 -60.50 -50.51
Cumulative yield increase T, 476 12.00 112 833 6.28
rate over CF (%)
T 6.14 15.03 3.21 3.09 6.65
T 10.38 12.94 0.76 2.05 6.51
T 12.26 14.84 4.16 113 8.13
Tow 10.00 14.02 0.40 —0.60 5.93
T w0 -10.68 -15.98 -25.35 -36.59 -21.74

BE CK?‘]IH‘{EEEXTJ‘RE\, CF?‘]lOO%’f'tHE, T—n\ Tfl(i\ T—zo» T730\ T—m» TfuM%?@@]Eﬁﬁﬁ)ﬁﬂcﬁﬂﬁ%ﬂ@cEO%‘ 10%\ 20%\ 30%\ 40%\

100%. [RIZIEHE G AR/ NG TR R AL BRI 22 53 B 3% (P<0.05).

Note: CK is no fertilizer control; CF is 100% chemical fertilizer; T_, T, T 5 T3, T 4 T_i00 are reducing the chemical fertilizer rate by 0%, 10%, 20%,
30%, 40%, and 100% respectively at the base of applying green manure. Values followed by different small letters in a column indicate significant

difference among treatments (P<0.05).

x3 TRLENEFETZRE (CV) M
A FEH (SYD)
Table 3 Coefficient of variation (CV) and sustainable
index (SYI) of wheat yield under different treatments

AbFY Treatment  EFRECV (%) FRAFEEMERR SYI
CK 25.00 0.273
CF 14.78 0.628
T, 13.05 0.681
T 13.00 0.683
Ty 15.48 0.663
Ty 16.09 0.668
T 15.70 0.658
T i 24.72 0.434

HE: CKAARHEAEX IR CFRT00%MAE; To. Tooy Toow Toon
T Toof CRBIESGALE AL/ A 0% . 10% . 20%. 30%.
40%. 100%.

Note: CK is no fertilizer control; CF is 100% chemical fertilizer; T,
T_ip, Tosoe Tsp, Tso, Ty are reducing the chemical fertilizer rate by 0%,
10%, 20%, 30%, 40%, and 100% respectively at the base of applying

green manure.
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BRI HHEAE R ¥7E 0.995 DL I, W
WERORMAL . —JCRIAREARI b FOREPRE ™
i, W& 4 LUE KN HR T, (6644.51 kg/hm?)>
T ., (6619.57 kg/hm*)>T_, (6572.26 kg/hm?)>T_,,
(6540.24 kg/hm?)>T_,, (6504.47 kg/hm?)>CF (6184.30
kg/hm?)>T_,, (4736.55 kg/hm?)>CK (3101.18 kg/hm?),
MM b1H 95% EAF X KANTATLLAES], T, T
T Ty T AbFEY)E CFAMFEAES, UL
ARG S Y W T CF AR, T T, BA K
CK Ab3 iy dh™ it i F LT CFAbHL,
24 BESEBREAERKEREES NE=EEY)T
i

BRI 5 /INAZ 12 473477 B A T T it 2
BRI T AR VR T A TR S ) A A U it e 1
T o~T 1o A3, LIS [R] A 35 A4 N sk it L A1) Ay A Al
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R4 20092020 FAFENIENZ = EREE R BLMERE
Table 4 Linear grey model of wheat yield trends as affected by different treatments from 2009 to 2020

Ab 3 FlE BII95% 17 X 1]
Treatment y=a+bt F-value K 95% confidence interval of b
CK y=1624.49+3101.18¢ 3164.70%* 0.997 3046.05~3156.31
CF y=1876.12+6184.30¢ 8339.83%* 0.999 6116.58~6252.02
T, y=2120.21+6572.26¢ 10991.98** 0.999 6509.57~6634.95
T y=2423.34+6619.57¢ 9173.61** 0.999 6550.46~6688.68
T y=3315.46+6540.24¢ 6780.90** 0.999 6460.81~6619.66
Ty y=3465.46+6644.51¢t 7301.78%* 0.999 6566.75~6722.27
T y=3506.76+6504.47¢ 6333.11%* 0.998 6422.74~6586.21
T 00 y=4358.45+4736.55¢ 2137.46%** 0.995 4634.10~4839.00

T CKAAHIREXS I ; CFR100%MAE; To. Toion Toaon Toon Toson Tooof CRBHESALE (LIE A BB 0% . 10%. 20%. 30%. 40%.

100%. yr—IR BINEBAIEY i, SR RIRXIR A E . **—P<0.01,

Note: CK is no fertilizer control; CF is 100% chemical fertilizer; T o, T j5, T 5, T 30, Ts0; T 100 are reducing the chemical fertilizer rate by 0%, 10%,

20%, 30%, 40%, and 100% respectively at the base of applying green manure. y is accumulated generating operation of crop yield, ¢ is the

corresponding time of the experiment. **—P<0.01.

bR, DA 12 4R g As R il LIASE] (0, 6704.64).
(10, 6727.93). (20, 6719.36). (30, 6821.39). (40,
6682.55), (100, 4936.92) 6 ~AskR &S, A IH )
B, ATa SRR PIE Z R 7 BRIk B g it
W 2 K (P<0.01), PIEREIET RN y=
—0.292x+11.917x+6667.34 (4672.21~6998.32), ik
PR AR ST AR AR TG B R 35 0.996, ARHE
W RBRRREME, FRATATRASK 80 e 2% I I A IE ek it
TN 20.41% TEOL T, PPHEDABIZAE R R e
=L

2.5 BEZFBEEAELERBEENNERZMR

2020 AR [F AL BT ANE AR 2R B GE 4
(2 5) WA, AS[R) it A Ak 1 3 2530 i 52 i /N 2 A R
L B SRS/ NEEL SRR R, SRR AR
i, AR R, BRSNS AR AL T
30% ML R, bR AR R E , ML
40%, /NERRE . BEK LRSS 9B A R R
P, HZE TR IRF) B K Y B R SR IE S TR AT b
it 100%, JCibSEtkEr . IR R 2, I/ A 3

=5 2020 ELERLBNEREMHR

Table 5 Agronomic properties of wheat under different treatments in 2020

Jb3 5 (cm) K (cm) RNV REREL TR ()
Treatment Plant height Spike length Fertile spikelet number Grain number per spike 1000-grain weight
CK 50.15+£3.11 ¢ 5.81+0.48 ¢ 8.28+1.01 ¢ 9.12+1.94 ¢ 55.90+£5.22 a
CF 66.17+1.36 a 8.64+0.32 ab 13.55+1.15 ab 28.95+1.62 a 52.04+2.76 a
T, 69.82+0.55 a 9.13+0.07 a 15.53+0.03 a 28.73+1.53 a 51.68+2.64 a
T, 69.37+1.23 a 9.16+0.23 a 15.30+0.58 a 29.8743.32 a 51.91+0.59 a
T 68.90+0.43 a 9.02+0.39 a 15.78+0.71 a 31.55+3.61 a 52.994+2.16 a
T 68.30+0.74 a 8.60+0.09 ab 14.2740.39 ab 27.45+0.38 a 57.74+0.49 a
T 66.22+1.81 a 8.99+0.15a 13.92+0.94 ab 28.47+0.96 a 54.89+2.00 a
T 60.17+1.86 b 7.83+0.51b 12.30+1.22 b 18.93+1.28 b 53.33+1.20 a

H: CKRARHIAEXT I CFR100%MAE ;s Toon Toon Toon Toon Tosen T CERBHEGALE LIS HIIE0% . 10%. 20%. 30%. 40%.

100%. [RIZIEEEG A R/NG TR R AL BRI 22 53 B 3% (P<0.05),

Note: CK is no fertilizer control; CF is 100% chemical fertilizer; T o, T 5, To5, T_3. T4, T_100 are reducing the chemical fertilizer rate by 0%, 10%,

20%, 30%, 40%, and 100% respectively at the base of applying green manure. Values followed by different small letters in a column indicate

significant difference among treatments (P<0.05).
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Table 6 Correlation coefficients among different indexes

Eiz12 B SN S5/ VL RS THRIE P
Index Plant height Spike length Fertile spikelet number Grain number per spike  1000-grain weight Yield

¥R Plant height 1

T Spike length 0.950%* 1

2552/ NEEL Fertile spikelet number 0.945%* 0.942%* 1

TR %L Grain number per spike 0.919** 0.921%% 0.874%* 1

T-RiTE 1000-grain weight -0.037 -0.091 -0.059 -0.061 1

7= Yield 0.898** 0.828** 0.809** 0.885%* —0.166 1

Note: **—P<0.01.

AR A5 TR AR AH DGR 73 BT 285 2R (3% 6) R W, /1
ErrmERE . B 45/ NEB L R ROR BRI
I R IEAOCE R, AN B 2550
AL LA B AR 02 (R AF AR 35 I IE A O R
2.6 BESKBEARCERMEET RN TIE S
REER RTREN R EA M

- 38 b 7 TR R R ) 9 E AR R AR AR
(B 72 0 BH = 3R 40 LN BB b . BB MM
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Fig. 2 Cumulative soil fertility contribution rate in different treatments from 2009 to 2020



410 W) E SR 50 R 295
80
2
g
g
& 60 r
£2
@ =
ol
X8 40 f
0§
=8
e 2
3“'33 20 |
=
g
=3
)
0 I I I I I I I I I I I 1
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
A Year
B3 2009—2020 AR LLIERFABLR STRZR
Fig. 3 Cumulative fertilizer contribution rate in different treatments from 2009 to 2020
TE: CKONANEIEX AR CF 5 100% BIE; T Toos Toow Toos Toon Tooo FOREHEGILE MLIEIT B 0%, 10%. 20%. 30%. 40%.

100%.

Note: CK is no fertilizer control; CF is 100% chemical fertilizer; T o, T 0, T35, T 30, T 40, T_100 are reducing the chemical fertilizer rate by 0%, 10%,

20%, 30%, 40%, and 100% respectively at the base of applying green manure.
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Table 7 Soil nutrient contents in different treatments in 2020

b3 AP (g/kg) HAA (mg/kg) HAHE (mg/kg) HAE (mg/ke)
Treatment Organic matter Available N Available P Available K
CK 21.90+0.17 b 86.87+5.44 ¢ 7.10£2.86 ¢ 134.3+5.77b
CF 23.00+0.61 b 93.40+2.75 ¢ 38.13+£5.24 ab 169.3£14.43 a
T, 27.63£2.07 a 120.2+11.48 ab 37.17£3.07 ab 173.3+17.79 a
T 29.73+2.32 a 126.2+5.44 a 42.53+£3.76 a 162.7+15.28 a
T 30.07+£3.22 a 122.0£3.75 ab 33.30+9.29 be 157.7£2.89 a
T, 28.30+1.74 a 110.7+6.18 b 28.13+391 ¢ 159.3+£7.64 a
T 28.27+0.46 a 114.0+£5.50 b 19.43£3.36 d 156.0+5.00 a
T w0 28.27+1.08 a 121.4+6.18 ab 6.53+£0.64 ¢ 156.0+8.66 a
TE: CKARMEX I CFA100%MIE; T Toow Taow Toon Toos ToofCERBELSNLE AL B 0% . 10% . 20% . 30%. 40%.

100%. [RIFNEEE 5 AR/ ING B3 A B ) 25 57 1 25 (P<0.05)
Note: CK is no fertilizer control; CF is 100% chemical fertilizer; T_,, T-,5, T-2, T-30, T-s0, T-100 are reducing the chemical fertilizer rate by 0%, 10%,

20%, 30%, 4

significant difference among treatments (P<0.05).

0%, and 100% respectively at the base of applying green manure. Values followed by different small letters in a column indicate
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