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Effects of organic fertilizer application and straw return on
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maize-winter wheat double cropping system
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Abstract: To investigate the effects of organic fertilizer application and straw return on crop yield, quality,
and fertilizer use efficiency in a dryland maize-winter wheat double cropping system, field experiments were con-
ducted from 2015 to 2020 with four treatments of no fertilizer application and no straw return ( CK) , nitrogen ( N)

and phosphorus (P) fertilizer application and no crop straw return ( NP), NP plus commercial organic fertilizer
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(NPO) and NP plus crop straw return ( NPS). The experiments measured and analyzed crop yield, agronomic effi-
ciency of nitrogen and phosphorus fertilizers, nutrient content in grains, protein content, and the content of protein
components in winter wheat grains. The results indicate that: (1) Compared with NP and NPO treatments, the
NPS treatment significantly increased the 5—year average maize yield by 21.33% and 20.77%, as well as the
annual yield by 9.99% and 13.43%, respectively. However, there was no significant difference in wheat yield a-
mong the three fertilizer treatments. (2) Both commercial organic fertilizer application and straw return significantly
impacted the grain quality of summer maize and winter wheat. Compared with the NP treatment, the NPO treatment
increased the content of various protein components in winter wheat grains by 5.69% ~ 8.28%. The NPS treatment
increased the nitrogen content, potassium content, and the content of various protein components in winter wheat
grains by 4.68% , 3.96%, and 7.75% ~11.38% , respectively. Compared with the NPO treatment, the NPS treat-
ment significantly increased the potassium content, gliadin content, storage protein content, and gluten/gliadin
ratio in winter wheat grains by 14.41%, 9.86%, 5.39%, and 9.65%, respectively, and the protein content, pro-
tein yield, grain nitrogen content, grain phosphorus content, and annual protein yield in summer maize grains by
6.45% , 28.89% , 6.40% , 23.08% , and 10.43%, respectively. (3) Compared with NP and NPO treatments, the
NPS treatment increased the agronomic efficiency for nitrogen fertilizer of summer maize by 118.35% and 113.25%,
respectively, as well as the annual agronomic efficiency for nitrogen and phosphorus fertilizers by 42.83% and
64.36% , 42.86% and 64.27% , respectively. However, there was no significant difference in the 5-year average
agronomic efficiency for nitrogen and phosphorus fertilizers of winter wheat among the three fertilizer treatments. In
summary , both commercial organic fertilizer application and straw return improved the protein component character-
istics in winter wheat grains. Straw return also increased the K content in summer maize grains, as well as the pro-
tein content and protein yield in winter wheat grains. Straw return was more beneficial than the commercial organic
fertilizer application in improving crop yield, quality, and efficiency in dryland maize-wheat double cropping areas.
Therefore, applying nitrogen and phosphorus fertilizers with straw return ( NPS) should be more suitable for promo-
tion in dryland maize-wheat double cropping areas.

Keywords: organic fertilizer; straw return; maize-wheat double cropping system; grain yield; protein

content; protein components; agronomic efficiency
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Table 1  Field management under different treatments

3 Code reatment % & Concrete proposa
1% Cod AL T BkJi% C proposal
N AC HAE AT DN N = . 1N AT AN
AT AL + AT A i H AR FIALEL, FRFI/NEREFT AL H
CK No fertilizer application No fertilizersand applied and both the maize and wheat straws were not returned to the fields in
and no crop straw return whole year
2 IR 2 ke P S ABUT E, EORIRTT B R K 35 S U N 207 kg - hm™ /N2 ZRE B ML AT 1Y
, SIHE N 150 kg - hm™ P05 120 kg « hm™ ; FORAVNEZ A AL
SR R+ R FEAS i _ o oo , .
NP NP fertilizer application According to the local farmers’ customary dosage, N fertilizer at a rate of 207 kg « hm™ was
) evenly applied when rainfall occurred around jointing stage of maize. And N at a rate o g
and no crop straw return ! lied wh infall d d jointi I mai And N £150 k
hm™2 and P, Oy at a rate of 120 kg - hm™2 was evenly applied before ploughing at sowing of wheat.
Both the maize and wheat straws were not returned to the fields.
RN+ A5 FT AN A FH + . T
E@%@%@% %E;@L H INFE TR A HLIE 1250 kg - hm™2 | HABESBR[R NP 4b3E
NPO Commercial organic fertilizer at a rate of 1 250 kg - hm™ was applied when the N and P fertilizers

NP plus commercial

. 1. applied only in wheat season. Other managements were same as NP treatment.
organic fertilizer

TR R FNHDKE 100% 89 5T 7E /N FEFT (B LR E 40 om ) B 5340 T 5 /0N 2 2= 1 i G HiDfs
50% WY HTPE TR FEFFARTE (S em /NBY) JE 0 M, BEA BRI — 23 S BARZ L5 il
, . JIE K A A B IR NP b #H
- T H o
NPS NIEEJ?%HE*—*TE:LEH 100% of the previous wheat straw (with a stubble height of 40 ¢cm) was returned and covered e-
plus crop straw returm venly on the field, and 50% of the previous maize straw (5 c¢m pieces was evenly returned to the
field, and then uniformly concentrated into the soil along with the nitrogen and phosphorus fertiliz-

ers. The application of fertilizers and other managements were same as NP treatment.

1.3 MEMEKAE
1.3.1 #Fa7% EBEEYRE &N
P&, ks X i I 7
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BEEATE (%)= /NEFRLR S EX5.7
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TSR T % G 4 O A AT RV R L B LA
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P 7 St OB, T 9808 1 ok 4 2 11 2 o R 2 1
A,
135 fuleRFaE A BREESE Y
W kT, AR .
RO BEAR 2R (kg - kg™ ) = [Tl (B%) X
PR -CK D™ i ]/ (1)
1.4 HELE
K Microsoft Excel 2016 #4318 % 4b 34 it °F
PIE AnifE2E R SPSS 23.0 FFHEFT 7 2243 Al

W EFEMRE (LSD) . F A Microsoft Excel 2016 k{4
AT RS
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Table 2 Effects of different treatments on crop yield in

dryland maize-wheat double cropping system

. E K INFE
i B
- Summer Winter
Year Treatment . Whole year
maize wheat

CK  4161.46ab 3404.69a 7566.15ab

2015—2016 NP 3473.960b 3316.25ab 6790.21b
(2015) NPO  3670.14b  3156.25b 6826.39b
NPS  4711.81a  3492.71a 8204.51a
CK 3960.94d  2868.75b  6829.69b
2016—2017 NP 4265.63¢c  4252.08a 8517.71a
(2016) NPO  4605.90b 3806.25a 8412.15a
NPS  5088.54a 4096.88a 9185.42a
CK 506.25¢  3876.75a  4383.00b
2017—2018 NP 403.13¢  4791.50a  5194.63ab
(2017) NPO 346.88c  4206.00a 4552.88b
NPS  1270.83a  4813.50a 6084.33a
CK 3735.91b  2108.25b  5844.16¢
2018—2019 NP 6041.82a  3693.00a  9734.82a
(2018) NPO  5715.83a 3062.50a  8778.33b
NPS  6238.30a 3184.50a  9422.80ab
CK 5354.17¢  3196.88d  8551.04c
2019—2020 NP 7423.61b  5591.67b 13015.28b
(2019) NPO  7368.06b 6004.17a 13372.22ab
NPS 8907.99a  5768.75ab 14676.74a
CK 3543.74c  3091.06b 6634.81c
5 a¥yE NP 4321.63b  4328.90a  8650.53b
S—year average NPO  4341.36b 4047.03a  8388.39b
NPS 5243.49a  4271.27a  9514.76a

T« RSB 5 AN R/ bR Al —4F (3 A [ A B i) 7= 2
53 (P<0.05), T,

Note: Different lowercase letters after the data in the same column
indicate significant yield differences between treatments in the same year

(P<0.05). The same below.
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0 it 20 S | it A AL N AT IR O R R
K AN BR8N TR AR
M (3% 3) . XE E KT E, 5 CK AHLL, NP 1
NPS 4b BHOFF b7 & B 1 & 40 ) B B 7.26% |
27.78% M1 7.26% 25.93% ,NPO RbFH kAL 2 B0 &
T3 B 0.8% Fl 23.40% ; Ji A Ab 3 8] L 458
K IN,NP FI NPS b E]AFFR A B & 22 7 A
F L (HHE NPO A o 5l B 5 4 5 6.4% 1 5.6%,
Wl A h 0 ) S B A 5 24.89% F11 23.08% ; NP NPS Fil
NPO Kb 3B AT RLER & 22 o B, WA /N2 i
5,5 CK AL, NP NPS 1 NPO &b B kb7 2 &
A3 R 29.12% 39.01%H1 35.16% , 45 b FH ]
KR & 22 A B3 NPS I NPO Ab B A A1RL A1
P CK 409 35 4 25 26.19% F1 10.28% ; it I 4k

K3 FEAEXF 2019—2020 FERME-E_MEREY
PR B S ERNNE/ (mg - k')

Table 3  Effects of different treatments on the content of nitrogen,

phosphorus, and potassium in grains in dryland maize-wheat

double cropping system in 2019-2020

Qb H F K Summer maize £ /NA Winter wheat

Treatment N P K N P K

CK 12.4¢ 2.16b 3.29b 18.2¢ 2.97a 2.14c¢
NP 13.3a  2.76a 3.78ab 23.5b 3.12a 2.27be
NPO 12.5b  2.21b  4.06a 24.6a 3.22a 2.36b
NPS 13.3a 2.72a 3.61ab 25.3a 3.08a 2.70a

P E] Fe 4, NPS A1 NPO Ab BH R & B0 B 35 22
St (H4E NP 230 35 2 5 7.66% i1 4.68% ,NPS 1)
FPRLEP S B4 NP HI NPO 43 1) ik 25 #2755 8.94% Al
14.41% , 5 LRFR it HE oA HUIEA R T4 E
FORAFRLE S RN A/ NP A i (H 2 AR
FORAFRLR B & MRS FF A AN i B Kk
e n IR E YBT3 38 TR W L
23 HEAEREVEMEFEIANELE-ZER

MR E A RS EMERRTENEN

55 CK A b, R0t FH U IE e P 7 A AILAE
FIAEFFIR H AT 0 254 5 B FOK &/ N PR
Jo S FIAR P57 0, (ELRE Wi 2 o PR 90 S (3
4), MEEKI T, NP Fl NPS 4b # 6] 8 1 i &
ZERAREE P IE NPO 705 & 25 6.17%
6.45% ; B [ 5P 5 DL NPS B &, %8 NP Al NPO
A3 AR 20.27% F1 28.89% , Xt A& /NE N,
NPS Fl NPO AbFH[H] £ i & 5 0 i % 25 7, 5 NP
A3 B HE B 7.69% 1 4.48% ; & (A F 77 UL NPO
AP NPS K2, K TG B 35 25 5%, (A4 ) 45
NP 35 12.20% 1 11.13%, J&AE 11 57 &
DL NPS 4b B &, % NP Fl NPO 43 I & & $2
14.229%%19.63% , VLI 57t FH & BENEAH L, it FH RS i
A AU T 52 i A/ N R PR 1 0 iR A
FEFFA AT 542 = SRR A = A E
BT R AR E RS AR A T =,
24 MAEREVENEFIANEME-ZER

ZENEHFHNEARENSSENZM

%5 ATLAAE 5 CK A, K30t 208 e
it A LR FNRS FF 34 H 34 0] B 3 4 e A /N AP R R
PR i, AHEFRYI L) NPS b Bl i, s 2K
& i NP A3 22 828 15 8.24% ; A H 1 &% = Ml
T8 2 1 7 B 5 NP A 3L 0] S 3 R R 15, 14% il
10.95% , % NPO Ab 37351 i 2 45 15 9.86% F15.39% ;
AW NPO FI NP AL B 43 51 B & 4R 55 9.6% Al
7.76% ., NPO FI NPS &b B[] BR 8 | & & MR &
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FSEESFARSE (HPALBS NP AL HE A &5
A3 ) B AR 8.28% F110.06% , BE iR 15 14 & 143 il
R 6.42% F115.51% , 1] WLAS FF 38 At AR
R F e/ N B L AL A R A, RS 38 T
BCRIRANR ; 550 FH R b A MLIE AR b, R FF A H 53
R TAEASTE WEEASED AR,
25 MEAEREVENEFIAMNEE-ZER
YEMI L B 22 35 2R 19 R4 N1
e 300 it SRl P it A LA RIS 8 %o 52 s —
& IR R VEYEE B R AR 2 550K 1) 5 i) R A 4
M (F6), MEEKRME,HLS a4/, NPS
AP NE AR 2F 3R fe i, 5 a BI{EES NP FI NPO

T4 ARBEFT 2019—2020 EFERME-ZRREVIFNEARSENELR"=

I3 T 118.35% 1 113.25%, XiF & /NZ i
5,5 NPO AL FHAH H , NPS b B 20 08 7 HE 4% 2758
HAE 2015—2016 4F B 43 W 2 K B 35.54% Fi
35.26% ;NP 2b B 2018—2019 4 Ji 43 W] i 35 42 &
66.19% 1 66.16% , T 2019—2020 4 i 43 51 15 A%
17.22%F1 17.18% ; H A R[] b B [|] 1 4 /N2 HUE
BEIEAR 2RI To i 5 22 . JAAR BUIE BRI A 7
RO SR LL NPS Ab 3R &5, B8 NP 7 2015—2016 Fil
2019—2020 4F fif i 2 £ /&, 8 NPO [k 2018—2019
AEREAN R, NPS AL FE R IR AR AR 2k
K5 a BMEHAE NP 4351 41 5 42.83% Fll 42.86%
B NPO 430 i 542 15 64.36% F11 64.27%

sEAl)

Table 4  Effects of different treatments on grain protein content and grain protein yield in dryland

maize-wheat double cropping system in 2019-2020

E EK Summer maize

K /NFZ Winter wheat

o EOTA Rk BT TP it som g il
Treatment Protein ct;ntenl/% Protein yield Protein content Protein yield /(kg - hm2)
/(kg - hm™2) /% /(kg - hm™2)
CK 7.04c 377.1c 10.36¢ 331.3¢ 708.4c
NP 7.57a 562.0b 13.40b 749.1b 1311.0b
NPO 7.13b 524.4b 14.00a 840.5a 1365.9b
NPS 7.59a 675.9a 14.43a 832.5a 1508.4a
RS AELEXT 2019—2020 F B Rt F-F 4 R LN EHFHE B RAS TR0
Table 5 Effects of different treatments on the characteristics of protein components of winter wheat grains
in dryland maize-wheat double cropping system in 2019-2020
pos:il HEM/ % BRI/ % B TR 11/ % BHEA/ % HEEM W52 11/ %
Treatment Albumin Globulin Gliadin Gluten Gluten/gliadin Store protein
CK 2.13d 1.35¢ 3.16¢ 3.23d 1.02¢ 6.39d
NP 2.55¢ 1.69b 3.58b 4.16¢ 1.16b 7.73¢
NPO 2.71ab 1.83a 3.81a 4.36bc 1.14b 8.17h
NPS 2.76a 1.86a 3.83a 4.79a 1.25a 8.6la
F6 ARAEINEME-FZAEREYUIERELENRI (kg - kg™')
Table 6 Effects of different treatments on the agronomic efficiency in dryland maize-wheat double cropping system
HE> 2N A
R Ak Sum%ner Zln:ize Wintch fleat Wh}oljj;ear
Year Treatment
N N P,0;5 N P,0;5
NP -3.32b —-0.59ab -0.74ab -2.17b -6.47¢h
20;;&2(;16 NPO -2.37b —-1.66b -2.07b -2.07b -6.16bc
NPS 2.66a 0.59a 0.73a 1.79a 5.32a
NP 1.47¢ 9.22a 11.53a 4.73ab 14.07ab
20(120_12())17 NPO 3.12be 6.25a 7.81a 4.43b 13.19b
NPS 5.45a 8.19a 10.23a 6.60a 19.63a
NP —-0.50c 6.10a 7.62a 2.27ab 6.76ab
20(1;0_15())18 NPO -0.77¢ 2.20a 2.74a 0.48b 1.42b
NPS 3.69a 6.25a 7.81a 4.77a 14.18a
NP 11.14a 10.57a 13.21a 10.90a 32.42a
20(1255())19 NPO 9.56a 6.36b 7.95b 8.22a 24.45ab
NPS 12.09a 7.18ab 8.97ab 10.02a 29.82a
NP 10.00b 15.97b 19.96b 12.50¢ 37.20c
2023&;?20 NPO 9.73b 18.72a 23.39a 13.50be 40.18bc
NPS 17.17a 17.15ab 21.43ab 17.16a 51.05a
NP 3.76b 8.25a 8.60a 5.65bc 16.80b
5a¥yfE
S—year average NPO 3.85b 6.37a 6.64a 491c 14.61b
NPS 8.21a 7.87a 8.20a 8.07a 24.00a
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EM =2 MR

b2t FHAT UL FRS A 34 F 2 55 A0 oy 3
VEYI = W EE LA it AR5 2 B, 76t 10 A 1 S el
I it LA T G AR R ORI
AP WA RV, SREFEASE A L, R
FFA 5 /N2 P i 3 v 7.00% , 0 HAE e K B AT A
ER A T3 PR R AR L ARSI, 28 NPO
AP NP X H B oA A&/NZE 77 1 J0 i 2 R ), T
NPS A FRAEHE T 5 ARG ™= | e 2 4 7= 5 NP
HINPO 4351 B 3255 9.99% 1 13.43% . 136W it
R A MU X 54 5 - 28 — R = i 5 R
K, RS FFI4 H AT #2785 T - 2% — A R P AR
Frean, A EE R EokF, —m] g
SRR A R VR R B A — R R 3R
R oKy B E KA F W RE K R, 52
) 47.8% ~81.4% , Il 78 3514 FH A4 /N2 T FF REAS T 4y
W ZE KK 4 25 4 K A A ki
SR a4 /N A B K i (93.7 ~322.7
mm ) MK T 450 mm AT KR YRR BRI
W1~ JFAEH (3—5 ) B SCHET K 9 B, Bk i 2R
FFFE 29.0~75.0 mm Y55 1 RS FFIA FH 85 A AR 7K
ROR, HAE P RE AR S, B T A e PR L
U B T RMGE R, S, AR
HA HLIE I AR A HLIE A 7= Al 4 #E, oA 1250
kg - hm™  {UR T AE 535 52 = VR = i 1 A L
JHEE(11 723 ~18 848 kg - hm ™) 2/ i 10% ~ 15% ,
HAAE/NEE it ), B A A AT BILAE 45 A kg 5 + 4
BEKORAFRE ) VR A B, PRI T oA 2 300 1 BH S 1 1
FERCR XA — R UL TE R R -2 B
TR 22 TR A AT HLAC A5 AR X 388 7= RO AN,
S SR A R — 25 T e A ML i FH 2 Rt FH e 49
SR = 5 () R F 9, DAFE 43 & 458 HLIE o £ 3%
e = R
32 MAEREVENEFEIANE-ZE2RER

VB FFL & BT B B2 M1

FERL SR o3 O 1 AR 0T & it 9 S (IR B e e
ANEBEEEFRICEAMYEAREA, BHRE
P9 B, 76 e FH S0 B ) St | 338 i A5 BILAE, o
T /N B IR BRI T 5 A SR X
AT B, KRB A AT 56 8 T AT A 7E /I
FZ KPR AR 1 0T R TR A A, R R A DN A2
Ji, ARSI T EIR AT AT A R, B

Jiti FH 2808 A S el L i A LA T 82 v B T K R s
i AN KPR i, R AR F R3S i T 4% /)N
ZERPRLE PR IR ER T R R - VAR
YEYFFRL S (1 0T 0 & B AR 7 e, 1 Bt
Tl it AT LI RS A 2 T 349 AT S0 R 1 ot o, {HLAS
T34 FEAR 858 it FH 3 A LIS S8R T A, RS AT iR
HES EF PR AL B R o i R B & i D&
FEETIHACR I T Rg e T E RS T 2
F-FE AKRLEEAVE A B RS S
T ORI IR BRI (I RS E T 92 R
SOE ST

FERLEE (A B AL o 5 Hon T B VA 56, FF
IR A e A R TG N
ARG R, 7t T AR A A AL L, 1
it A LI T 2 w5 B B T % 5 b /N 22 KR Y 2R 1 5T
i, LR B R, RS AT IR H Tl KA R
FIEEN BRER R E M E A S 00
ZHEE 5.43% 5.64% 9. 74% 1 13.78% . AWFFE 4
REW 5 CK AHLG, K30t AT | it F 35 5t A AL
NE FEFF I FH 4G 1) T 20 /N 22 AR 2R 11 BT 240 4
fiE, H NPS AbFEAYRCR e, NPO A BRARICR IR Z
DRI AT DA 2 it FH 7 ot A DU Bt 52 -2 — ik
F/NZEFPRLE T, (A HACR A RS FFA X T g S
AHIFGE FFite FH A HLAE SRy ri b A MILAE L S I (4
WP = R A T) A O, R 75 iE
— I R IFFE LA BT AS [F A HUAE it FH X = 22 — 24
TR VEY T A RO
33 EAEMBIENEFEENE-ZEZ3KR

RBIER ZFHERR M

HEANBEZE 2B, it A LB v B 5 g m 2 &
K ANERRIE BEARAR 2R 28 AR g,
P Tt FH i A LR 5 Y 7 T B 3 AR Ak, TR it
FHFRT A HLIE IS 524 5 -2 — 2V &R 5 U0 R A
AR 23 AL TE 2 AR X T R 5 A S A L
JE A 1250 kg - hm 2 3¢, He DY HFSE
A5 LR R A DA it P o AR /)N 22 77 s RIS R Ak
SN &S AP NTE A UESS N F s U R NS
an A HLAE A it FH 2RI, 5 4 T R b R -
TR R B RN JE A 1 UIE R A AR S AROR
I k2 R A/ N RO AN A A 2 380R i ] i
JERUATE TR B FFIE B AR K ik ek B 256k
I ARHEAEY T TR R 23 B WOSOR T S5 2838 7= 1M
SEPRBERL 5 1 /N2 2 R K /D HL2E ) 7R 75 7K SR 4
RAET S0 AR IR R 1 A AR 2R H4
B A A T 2 TR A g i X A AR 9t A
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TREAT I F G I AR 3R 0 A R (R Bk
FARPINERA AR AR T0 L E M I S5E

4zt B

St A BENE A E i FH U AR 25 A A ALIE Ak
HA B R OK R R B AR AN AT
S ER T B DA R B e R R
Qb 3] JE A 7 kR B B N AU AR A “E AR T
BEES S AR AC LSS A HLUIC A FAR L i
FH R LS AR5 AT 38 T AL B A B oK = i RRE
B R B R T R A AUIE A AR,
KNG RPRIA B A B i A LR R 1
PR DT S A 7 AR T e AR |
B 2E 3R 0 0 i 2 R R 13.43% ,10.43% ,64.36%
H164.27% .,

LRG| FH U AR 0 Sl K 30 e FH 7
FHHLIE 1250 kg « hm X P11 F -2 X AEY ™=
e R RUIE R AT A 27 3% % T8 Bk 35 52 el (HL AT 3 i 4
ANFERTRLER (5B i AR o, Db/ N2 R R R
F1 TR R 5 i U AT A A R OIS A AT
R = R RERE TR AR AR 23 R 3 R
b~ AKX I B ) A AR
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