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Abstract: [ Objectives ] Oilseed rape-maize (OM) and wheat-maize (WM) are typical rotation patterns in the
Yangtze River Basin in China. This study investigated the effects of combined application of chemical fertilizers
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and organic materials on maize yield and nutrient use under OM and WM rotation systems, aiming to provide a
scientific basis for nutrient management in high-yielding maize production. [ Methods ] Field experiments were
conducted in Shayang County, Hubei Province in 2020 and 2021. Four fertilization treatments were set up under
the OM and WM rotations: no fertilization (CK), chemical fertilizers (NPK), chemical fertilizers+straw return
(NPK+S), chemical fertilizers+straw return+manure (NPK+S+M). Maize yield, aboveground biomass, nutrient
utilization efficiency and nutrient apparent balance were analyzed. [ Results ] The average results of the two-
year experiment showed that there was a significant difference in maize yield among four treatments under two
rotation patterns, and the order from high to low was NPK+S+M>NPK+S>NPK>CK (P<0.05). The maize yield
of OM was significantly higher than that of WM under CK and NPK treatments, but not significantly different
from that of WM under NPK+S and NPK+S+M treatments. The N, P and K nutrient accumulation of maize shoots
were significantly different among the four treatments in both the rotation patterns, showing an order of
NPK+S+M>NPK+S>NPK>CK (P<0.05), and the N, P, and K nutrient accumulation of OM maize were
9.6%—52.7%, 9.9%-28.7% and 9.2%—36.2% higher than those of WM, respectively. The input of organic
materials reduced the nutrient use efficiency of maize in the four treatments. Compared with NPK treatment, the
physiological utilization rates of N, P and K in NPK+S and NPK+S+M treatments decreased by 12.7%—25.4%
and 9.1%—28.3%, respectively. Under CK and NPK treatments, the nutrient harvest index and nutrient
physiological utilization rate of OM were higher than those of WM, but lower than those of WM under NPK+S
and NPK+S+M treatments. Under the two rotation patterns, the apparent surplus of nutrients among the four
treatments was significantly different. The apparent surplus of N and P from high to low was NPK+S+M>
NPK>NPK+S>CK, and the apparent surplus of K was in order of NPK+S+M>NPK+S>NPK>CK. Under the four
treatments, the apparent surplus of N, P and K was WM>OM. [ Conclusions ] Applying chemical fertilizer alone
resulted in significantly higher maize yield and nutrient accumulation under the oilseed rape-maize rotation pattern
than under the wheat-maize rotation. However, the combined application of chemical fertilizer with straw return
or organic fertilizer significantly increased maize yield and nutrient accumulation. In the wheat-maize rotation
system, maize yield and nutrient accumulation could be raised to levels comparable to those in the oilseed
rape—maize rotation, and the apparent nutrient surplus was also improved. In the wheat—maize rotation system, it
is recommended to apply both chemical and organic fertilizers combined with straw return to fully meet the
nutrient demands for high maize yields. In contrast, in the oilseed rape—maize rotation system, considering the
organic fertilizer effect of oilseed rape itself, the combined application of chemical fertilizer with straw return is
recommended to ensure maize yield and nutrient use efficiency, thereby achieving high and stable yields of both
grain and oil crops.
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Table 1 Yield of maize as affected by fertilization treatments and rotation patterns

4 Rotation AP Treatment 2020 2021 S-14 Average
sE-E K CK 15624225 dA 1141124 dA 1352
Oilseed rape-maize NPK 45594205 cA 4600220 cA 4580

NPK+S 59614124 bA 58504213 bA 5906
NPK+S+M 6744+272 aA 6630+338 aA 6687
INEE=TEK CK 872+77 dB 525480 dB 698
Wheat-maize NPK 40014192 cB 41074133 cB 4054
NPK+S 53904384 bA 5747+326 bA 5569
NPK+S+M 63514399 aA 64124282 aA 6382
J5 508 ANOVA F{H F-value
AbFH Treatment (T) 1176.105***
#:4F Rotation (R) 41.221™
4EAy Year (Y) 0.569"
TR 3.338°
RxY 1.893ns
Y 2.606"
TXRXY 0.442m

E: CK—AAL; NPK—EHL; NPK+S—ALHE+FEFT; NPK+S+M—ALHE+HRAT+AHIAL . RISV IS ARG PR R — R AU R
JEAL A B E] 25 5 150.05 B K5 ANRIRS AR R R — AL AL BEAS [RI S AT 1A A 22 53 15 0.05 Ko * | * e+ 0p 5il3RR A8 A 15 510.05 |

0.001 /K, nsFm oI ERU .

Note: CK—No fertilization; NPK—Chemical fertilizers; NPK+S—Chemical fertilizers+straw return; NPK+S+M—Chemical fertilizers+straw

return+manure. Within a column, different lowercase letters indicate significant difference among fertilization treatments in the same rotation pattern,

while different uppercase letters indicate significant difference between rotation patterns of the same fertilization treatment (P<0.05). *, and ***

indicate variable effect at 0.05, and 0.001 significant levels, respectively, and ns indicates no significant effect.

NPK+S+M AR 20 5340 12.9% . 21.2% F1 9.2%
(P<0.05).
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Note: CK—No fertilization; NPK—Chemical fertilizers; NPK+S—Chemical fertilizers+straw return; NPK+S+M—Chemical fertilizers+straw
return+manure. OM—Oilseed rape-maize rotation, WM—Wheat-maize rotation. Above the bars, different lowercase letters indicate significant

difference among fertilization treatments in the same rotation pattern, and different uppercase letters indicate significant difference between rotation

patterns of the same fertilization treatment (P<0.05).
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Fig. 3 Nutrient uptake and allocation in different parts of maize as affected by fertilization treatments and rotation patterns
(two-year average)
TE: CK—AIEAE; NPK—LAE; NPK+S—ILAE+HEFF; NPK+S+M—LIE+REFF+AHLIE . OM—ilisi—F K481 WM—/N2—FKEAE .
HE EARF/ING FREFRIR R — SRR R R A AL BR] 22 535 0.05 RLEE/RF5 AR RS P REFROR [F] — L AL B RIS VR ] Y 25 53 0.05 &

FIKF-

Note: CK—No fertilization; NPK—Chemical fertilizers; NPK+S—Chemical fertilizers+straw return; NPK+S+M—Chemical fertilizers+straw
return+manure. OM—Oilseed rape-maize rotation, WM—Wheat-maize rotation. Above the bars, different lowercase letters indicate significant

difference among fertilization treatments in the same rotation pattern, and different uppercase letters indicate significant difference between rotation

patterns of the same fertilization treatment (P<0.05).
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Table 2 Maize nutrient utilization efficiency as affected by fertilization treatments and rotation patterns (two-year average)

FEAMARFEEL (%) For A HZE (kg/kg)
et fb Nutrient harvest index Nutrient physiological efficiency
Rotation Treatment
N P K N P K
HER-E A CK 58.3 cA 62.4bA 13.1 bA 48.1 bA 215.6 bA 35.3 bA
Oilseed rape-maize NPK 67.9 aA 79.1 aA 18.7 aA 543 aA 265.4 aA 51.2aA
NPK+S 58.5 cA 56.2 cB 11.9 bA 44.7 cA 189.8 ¢cB 35.1bA
NPK+S+M 62.7 bB 57.3¢B 13.5bB 46.8 bA 174.8 dB 36.1 bA
INEE-TK CK 46.1 bB 38.1 bB 7.1 bB 38.1bB 138.6 dB 24.8 dB
Wheat-maize NPK 63.4 aA 72.7 aB 17.2 aA 53.1 aB 261.9 aA 50.5 aA
NPK+S 64.1 aA 71.9 aA 16.9 aA 49.1 aA 2333 bA 40.8 bA
NPK+S+M 69.8 aA 69.6 aA 19.7 aA 50.7 aA 203.1 cA 37.2 cA

T CK—AIE; NPK—IE; NPK+S—RIE+FEFT; NPK+S+M—ALIEHREFF+AHUIL ., [RIFIEEE S A RN F R [ — R AR RO [F
JREAEAL PRI 22 535005 W E KV 5 AR RS RN R — M L AR A RIS VR IR 19 22 5:350.05 i B K P

Note: CK—No fertilization; NPK—Chemical fertilizers; NPK+S—Chemical fertilizers+straw return; NPK+S+M—Chemical fertilizers+straw
return+manure. Within a column, different lowercase letters indicate significant difference among fertilization treatments in the same rotation pattern,

while different uppercase letters indicates significant difference between rotation pattern of the same fertilization treatments (P<0.05).

®3 TREELEMBIERNT EXRERDRUTLE FEFH)

Table 3 Apparent nutrient balance of maize as affected by fertilization treatments and rotation patterns (two-year average)

N (kg/hm?) P (kg/hm?) K (kg/hm?)
AR Qb # A Input . A Input - A Input -
Rotation  Treatment gy yy prgr rpLie gi;; szie Ll FERF ATHLIE 5%4; Bjﬁie TLIE F5FF 47U ;i;; szie
CF Straw Manure CF Straw Manure CF Straw Manure
WE-EK CK 0 0 0 282 -282 0 0 0 63 63 0 0 0 391 -39
Oilseed  Npg 180 0 0 843 957 60 0 0 173 427 75 0 0 895 -145

rape-maize
NPK+S 180 25.2 0 1323 72.9 60 42 0 31.2 33.1 75 1524 0 168.5 58.9

NPK+S+M 180 25.2 180 1429 2423 60 42 2546 383 2805 75 1524 171.1 1893 209.2

INE-FEAK CK 0 0 0 185 —18.5 0 0 0 5.1 =5.1 0 0 0 28.7 —28.7
Wheat- NPK 180 0 0 76.9 103.1 60 0 0 15.7 443 75 0 0 81.1 6.1
maize

NPK+S 180 294 0 1157 93.7 60 4.8 0 242 40.6 75 1548 0 137.4 92.4

NPK+S+M 180 294 180  126.6 262.8 60 48 2546 316 2878 75 1548 171.1 1733 2276

I CK—ANENE; NPK—EAE; NPK+S—UIE+HFEFT; NPK+S+M—LIEHHFF+A UL,
Note: CK—No fertilization; NPK—Chemical fertilizers; NPK+S—Chemical fertilizers+straw return; NPK+S+M—Chemical fertilizers+straw

return+manure.
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@ OM /£=41.33 R*=0.86 P<0.01
@ WM £=39.94 R>=0.80 P<0.01

@ OM /i=171.15 R*=0.87 P<0.01
@ WM £=179.85 R*=0.84 P<0.01

@ OM /=31.75 R=0.88 P<0.01
@ WM £=30.95 R>=0.78 P<0.01
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Fig. 4 Correlation analysis between maize yield and aboveground nutrient accumulation under oilseed rape-maize and
wheat-maize rotation
I OM—IlSE-ToREEME; WM—/INE-FREEAE, K FOREMERIG IRRE, RANFR BRI AR R ARG

Note: OM—Oilseed rape-maize rotation; WM—Wheat-maize rotation. k represents the slope of linear fitting, representing the yield increment per

unit nutrient accumulation; R* represents the linear fitting accuracy.
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