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Effects of Straw Return Replacing the Application of Potassium Fertilizer on
Crop Productivity and Soil Nitrate Accumulation in Dryland
Summer Maize-Winter Wheat Rotation System
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Abstract: In order to explore the regulation effects of straw return replacing the application of potassium fer-
tilizer on dryland summer maize—winter wheat rotation system, four treatments including no fertilizer
(CK), nitrogen and phosphorus fertilizer (NP), nitrogen, phosphorus and potassium fertilizer (NPK), ni-
trogen and phosphorus fertilizer plus straw returning (NPS) were selected based on the long-term located
field experiment which started in 2007 at dry farming platform (LLuoyang) of Chinese Academy of Agricultur-
al Sciences. We investigated the grain yield, water and fertilizer use efficiency of summer maize and winter

wheat rotation system from 2015 to 2020, as well as the content of organic matter, total nitrogen, available
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phosphorus and available potassium in 0—60 cm soil layer, and soil nitrate accumulation in 0—260 cm soil
layer at harvest of winter wheat in 2020. Compared with NP, NPK significantly increased the content of a-
vailable potassium in the 0—60 cm soil layer, but did not change the grain yield, water and fertilizer use effi-
ciency of summer maize and winter wheat rotation system, while NPS was beneficial to improve soil nutri-
ent, and significantly increased the grain yield, water and fertilizer use efficiency in summer maize and whole
year. Compared with NPK, NPS significantly increased the organic matter content by 10.68% in 0—20 cm
soil layer, the grain yield, water use efficiency, and the agronomic efficiency of N(P) fertilizer in summer
maize and whole year increased by 20.91%, 33.77%, 114.39% and 13.60%, 13.63%, 65.41%, respectively,
but significantly decreased the available phosphorus content by 7.43% in 0—20 cm soil layer and the available
potassium content by 14.31% in 0—60 cm soil layer. Compared with NP and NPK, the nitrate accumulation
in NPS was increased by 37.14% and 25.92% in 0—100 cm soil layer, and decreased by 32.33% and 21.64%
in 160—260 cm soil layer. In conclusion, straw return could be used for replacing the application of potassi-
um fertilizer on the basis of N and P fertilizer, because it could not only increase the content of organic mat-
ter and total nitrogen in 0—20 cm soil layer and nitrate accumulation in 0—100 cm soil layer, thereby impro-
ving the grain yield, water and fertilizer use efficiency in summer maize and whole year, but also reduced the
risk of soil nitrate leaching to deep layer. Therefore, NPS was a suitable measure in dryland summer maize—
winter wheat rotation system, but it should be paid more attention to the problems of the decrease of availa-
ble phosphorus and available potassium in soil.

Keywords: dryland; summer maize and winter wheat rotation; straw return; yield; soil nutrient; efficiency
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em B9 HEFE A /NXCREE 060 ecm + )2 1L H)Z
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e B MA YL & & (A SRR H sl R 2 +

TR
K1 AESE 2020 F/MZWHPTEFSIHOHN
+E e AHLE/ 2R/ R/ A/
W /cm (gekg™ (gekg™ (mgeke ") (mgekg V)
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NP 21.23b 0.04b  11.0lab  233.62c
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ERE R A, WRE A, 5
NP # . NPK R 7E 20182019 4F i 3 FEAIL 9.46%
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NPS  8007.99a  5768.75ab  14676.74a

CK  3543.74c  309106b  6634.81c

NP 432063b  4328.90a  8650.53b
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10.84%0 1 14.17% . 5 4F 4 {5 JC . % 2 1k ;s NPS 7F
2016 47,2017 4 F1 2019 443 5 &8 3% $2 &5 27.08 %,
247.53 % F1 44.89%0 .5 AE I W HE W 25470, 5
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16.97%,39.66% Fl 71.71%; NPS # £ 5 -1 8 % &
=, F IR IR R 30.42% . 5 NP A L. NPK 17K 43
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2020 AE43 1) L 2 AR 4.16 %61 8.37 %4 L 4E 2017—2018 4F
PR 14.38%6, 5 AR ME TG W AR A . R AR R
kA&, 5 CK M, NP .NPK #l NPS f4 7K 43 F] Fl 550%
TE 20162017 4E, 20182019 4E I 20192020 4E
P E R 20172018 AFEAY NPS B 42 = .5 F3
{843 590 . 4R 55 27.83%,22.94 % 1 39.69% , 5 NP
A8t NPK B 7K 43 F H 8% % 78 2016—2017 4 FI
20182019 4E43 5 i 25 FA 12.08 %5 Fl 11.66 % ; NPS £
2017—2018 4EH 2019—2020 4E 43 I B 3 2 5 21.31%
H120.02%, 5 I H 3% 2/ 9.28%, 5 NPK A [,
NPS 1 7K 43 | F %4 3R 78 2016-—2017 4, 2017—2018
AEF 20192020 4E43 ) B4R 5 18.20%,22.93 % il
13.09% .5 {8 W F 4 & 13.63% . 7] UL, jifi i ]
35 P 5 — F AR R R ARV K o R HRCR TR
Jite R ) Rl b it B O S BE R R K o R AL B
Tl FF A FH AT g 28 B s VR 0 K o R FH AR, R A &
BRI K ZE,
24 AEVENEME-ZREGREWIERE

HEM R

H 2 4 AT R [ AL B R £ — 2 AR R AE

Py TRk AR 25 5803 14 5 W DRLVE 01 S, ELR R I A%
52 AR A R . X R ORI F S, NPS # 42 5 4R
RAA 25 5 R Y B . 5 4 (8¢ NPK I 35 42 5
114.39% % NP & 45 118.51% . i NPK 5 NP
ZIE ST R EZES, MEL/NEM T, Bk 2018—
2019 4 NPK F1 NPS % NP 43 %] & & B A% 63.13%
H132.09%.,2015—2016 4F NPS % NP fil NPK 4 5
L FE AR 199.53 % F1 142.70 % A, NP, NPK , NPS [i]
MR (B IER A ROCR T W3 22 5% . AL X £ —
R AER R AR A () BB AR A ROR R g L 5 B
FORAAR] LA NPS f .5 AEHEEL NPK (& 65.41 %0, %%
NP & 42.87 % . Uh W 7E it B 20wl I iy Sl I, A% FF
W AR RE R B AR R TP EREM
JEAE B IRk A 22 35 %
3 ARELEIB#E—ERIERRIEWKSFIE

HMER M B . kg/(hm® « mm)
a3 il HEK KN JAAR
CK 16.81a 12.57c 14.60a
NP 14.83ab 12.45¢ 13.56a
ISR ok 15650 14.71a 13.56a
NPS  15.79a 14.09b 15.02a
CK 17.50b 11.04¢ 14.05¢
NP 18.28b 17.82a 18.05a
Z0I620ITC20I) ok p530c 15.42b 15.87h
NPS  23.24a 15.13b 18.76a
CK 2.08b 10.90b 7.32b
NP 1.50b 13.21a 8.22b
ZOTROI8C0ND) 2.29b 11.50b 8.11b
NPS 5.21a 13.16a 9.97a
CK 13.47¢ 7.85¢ 10.70¢
NP 21.93a 11.76a 16.51a
Z0IS 2012018y 18.82b 9.65be 14.59b
NPS 22.00a 9.94ab 15.61ab
CK 15.96¢ 10.85¢ 13.57¢
NP 24.20b 17.29b 20.66b
E092020E019) ok g5 671 18.63a 21.92b
NPS  35.07a 17.07b 24.79a
CK 13.17¢ 10.64b 12.05¢
NP 16.15b 14.51a 15.40b
At NPK  15.15b 13.98a 14.81b
NPS  20.26a 13.88a 16.83a
25 AALEMNEHME-—ZEREFRZLIEHSRER
FRENZMN

PHT 0—260 em )2 H A A A BB & (K 2)
AL ESE 13 AE AR (CKO 2544 T 45 )2 1 e i
SR BB TRMOKT ., W& L2, 3 A6
AbFE 0—260 em +)E M) HIEHS A BBEY R
T B A fh ke 3, SR AT 630 kg/hm®, HL¥ 3=
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FLERUE 140230 cm 2, (5 A BBE 946,77 %~
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+EF I N NP>NPK > NPS, 4b B 7] 2% 5 35 3 i B
FOK, =T KB NPS B 28.81% 1Y 4 HEAY
BAEBEHAE 0100 em £ )2, 8 NP Fl NPK 43 i
EHE e 37,14 %0/ 25.92% , o AE 040 em 1 )R 4

T 83.51% A1 31.01% . 5 B NPS BE#% 42 /& 0—100
em 2 1 - HEAS A AR BR300 1R 2 R £
BAZEAM. 7F 140230 cm 1 )2, NPS 9 + 1§
SR EMEE NP Ml NPK 45 8 AL 23.82% M
11.98% .t B 55 ife 40 AH LL L A% AT 16 B (E A4 S R &

18 b3 3 R AR T AR Wl i HL ) AR — o R

RS 8.64% M1 5.08% . 7E 40100 cm -+ J2 4> 42 b BE 2 A 2 ) T2 R
T4 AREAVEXNBME-ZREFREWIERRZZENZIT P kg/kg
RE A 22 50K Tl I A 22 350%
R A HEX SN JELAF KON Jal 4

NP —3.32b —0.59b —2.17b —0.74b —6.47b

2015—2016(2015) NPK —3.56b —1.37b —2.64b —1.72b —7.87b

NPS 2.66a 0.59%a 1.79a 0.73a 5.32a

NP 1.47b 9.22a 4.73b 11.53a 14.07b

2016—2017(2016) NPK 2.05b 7.69a 4.42b 9.61a 13.15b

NPS 5.45a 8.19a 6.60a 10.23a 19.63a

NP —0.50b 6.10a 2.27b 7.62a 6.76b

2017—2018(2017) NPK —0.04b 2.83a 1.17b 3.53a 3.47b

NPS 3.69a 6.25a 4.77a 7.81a 14.18a

NP 11.14a 10.57a 10.90a 13.21a 32.42a

2018—2019(2018) NPK 11.52a 3.90b 8.32a 4.87b 24.75a

NPS 12.09a 7.18b 10.02a 8.97b 29.82a

NP 10.00b 15.97a 12.50b 19.96a 37.20b

2019—2020(2019) NPK 9.18b 18.58a 13.13b 23.22a 39.05b

NPS 17.17a 17.15a 17.16a 21.43a 51.05a

NP 3.76b 8.25a 5.65b 10.32a 16.80b

YI{H NPK 3.83b 6.32a 4.88b 7.90a 14.51b

NPS 8.21a 7.87a 8.07a 9.84a 24.00a
o g PEEERE/eetw) o SRR IR R RN AR,
0 : . . : : . 5 CK #H ., NP.NPK . NPS ) - HEH LT . £ A . #
- = SR T A B 22 S B AR L L) A B IR
60 TR AR AT 1 8 0 05 U0 P 4 5 R M T
8100 PR 2 3R AR B AT R AR . 15 M SUR B SE R 1 M
BN B 0 Bl 4 85 - ST LRI 4 055 Bt TR FF I
;ﬂg 160 BER®E 020 cm L2 LALLM A S, &
200 1R K] RS R O B 0 BR K AL S R R 5 T B
" 1238 T T35 20 B O] M BT B, 92 2 5
260 : F W] FEFRE HUS 0—40 om 4 J2 - 80 HLR A1 4 2 &
Eex » RAEF—-LRABAERBDE(p<0.0D. A SR 9.05 %1 10.32% . ST, NPS
2 xﬁfiﬁz 2020 N FHHR L RIHER 020 em )2 HHEHAH A B NP Al NPK 4 9%
| RRRRES 2,30 V61 7.43% , I A 40 4% 1R F RS AR 122 ik -
3 W 22 0 R 5k 5 00 7 B K7

3.1 BEMBFEIEXNEME -ERIEERLESF
5
SR O ERATAY LHENE ) AT R SRR
A2 R P ) H AR AR, AT AR e s A O LAY

N LR HE I B R A O A —E R LU
T AT Id T Ji IO 12 365 >4 19 e W A, DA ol fp - S K
B, ARTRT R, RMAEY AL PRI, E 25
Bl S B R PR TEAR R AR, 060
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R IE] SR A5 < A AT 0 T A AR B %) 5 4 . — 2 R AR AR R AR A 7 0 A S R R 317

em 12 4 HEHACH & & DL NPK 5o, NPS IR Z,
NP i, ud WA RS FF 6 B AR AT 428 i 4 38l 30 &
e, A e S A 0 A RS i (H G A80O0 A i
B DRI DA B e - AR S A A A R B L RS AF A
FH I AN BB 58 A B AN A0 , 76 F5 FT 38 H 2% 140 340 1 3k
T A R, anAE L R N 2 R AR AR DX B o A
TN %A 16 AN TR 150~225 kg/hm* ™,
32 MRRMEFTEEANEME -—ZREEREYD™

E KRB F MR

5% 38 38 TA Sy, A 38 0 e S 0 R P A 3 T 4 o 1
Wy MUK AR R0 A6 IS RS #1318 H RS a] (i
ANZERG 35106 ELURE FR A H BB S 35 2 v R OK
AR AR RCRD . IR B 5E ) e B RS AR L H
SRHUNEZWT ., AR KT N S RN R E .
NPK # NP A, B £ K & /NE 7= MR 2 0
B 2 S5 U0 W A e R T B SR i 0 o SR R —
A R AR R 38 7 38 VR AN . SR L 76 it AU AT
fh BBl b A A 3 AT (AR A IR R b B K R AR Y
S KO ) 204 48 3 B2 8, X B T K 2 R R A X
FE A6 A N 22 R A RE 08 A B0 D 75 K DR
B Y KA, T B OKR A KR B R AR AR X
F R 7K 43 2 T A 1 B R SeE KBTS 18 IR MR S B ¢
P B MR, (E4/NA2 2= NPS 8 NP Fl NPK £
TSR AR AN FHRCR L K o R FHRCRAE 2016—2017
AEHE NP [FEAE 15.08% , 7E 2015—2016 4EHl 2019—2020
AEAE NPK F#AIE 4.16 %0 1 8.37 % 5 & (W) IE A& 4 50 RAE
20182019 4E# NP WA 32.09 % , 1 BH 7 it Z AT 10 ik
Bl RS FRIE FHIFAS BB 55 2 /N2 I K IS R L 3803, 3 mT
A2l T/NEAFTHK A S EAELRER Fd W
KR ROR Bl 55 16 i 2L,
33 MIRMEFTEEHNEME -ZRIEE R TIEW

SREAMEN M

il 25 U2 Je By B VR ) WROR) T Y R R B
AU AR AE P R Sh R A B ALSn
B U ACRHE L R K SR AR T K R
AR, FEOMETG Y. B IS A R
W 32 % W9 45 PR 45 TR 2109 5 ), Al A7 it AT RS A A T A
ARFATBLA E T YR, A G B i A RN R B
Jitl £ 325 o 5 AN AN AU B R AR ande Oy B # B
0—400 cm T2 PSR RGN 459 kg/hm”, 5
ik 1880 kg/hm?* ™ ZARi{ 5 # . NP .NPK £l NPS
INEWCIRJE 0260 cm 2 - HEAY S A BB 451
}y 631.28.670.41,658.15 kg/hm*, H A # it 60% &
FUAE 100—260 cm 4 2 , 5 B it JIES 76 42 2 A 4 34 7= 1Y

W, O ERZE L EESA s R ZER JFAC &
WHEZE 1 m LUF 2 R F F1E AR W, 1
TS A Y R KR KR . 5 NP AL NPK AH L,
NPS () + SR 2 25 E EZBIR G
B, EELTBRHEOAEBIFAEHE 040 em £)E W+
S8 25 R B it Ak AR B4 i 30,99 %6 B AR GE . R
TEE— ZRAREX B H AR A B TR S A
FE 1 )2 1 rp SRR A 1R AR R 6 LR I 0 R
FH A REAE — s BB 1 B A% A 2 ) R 2 A
Wk /I Hb R K T G XU
T
Jiti A RS FF 348 AT G O 4 B R AR R
FRILE = Ty ARG 7 i RO ) R s O R A A
EKZE, 5 NP M, NPK Af $2 /5 4 380 5 204 & &,
RGP AR T B 0, NPS 8 NP & &4 5
0—20 em 1 )2+ HEH ML, 4 0 M A o L A
NPK & 4% 0—20 em + 2 8 A PR & &
40—60 cm 2 - AL W 7 L B NP A NPK A
4 5 B R K DR AR 1 7 R AR IR A AR B
ISR BRI E RN LRI 2L, o 7 —
SRR B RS AR Z W . TR R
RS AP 18 e R — R AEX R
Tl AR 3 B 0 5 O AR A
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