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Abstract: To clarify the effects of crop stubble and fertilizer application on wheat yield and quality,
field experiments were conducted with three crop stubble types of maize-soybean intercropping(MS) ,
maize monoculture(M), and soybean monoculture(S), as well as three fertilization levels: no fertili-
zation(NF), 20% reduced fertilization (RF), and conventional fertilization(CF). The differences in
wheat yield and quality under different treatments were analyzed. The results showed that fertilization
significantly increased wheat yield, with the MRF treatment having the highest yield of 6 322. 82 kg
hm %, which was not significantly different from the SRF treatment(5 860. 32 kg * hm ?), and in-
creased by 190. 7% and 105. 1% respectively compared to the unfertilized treatment for the two crops.

At the same fertilization level, the yield of monoculture crop was generally higher than that of inter-
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cropping crop, and the yield of SNF treatment was 61. 37 % higher than that of MSNF treatment. In
terms of yield components, the number of spikes was significantly affected by the interaction between
crop stubble and fertilization. The number of spikes in monoculturecrop stubble was higher than that
in intercropping crop stubble, and the number of grains per spike was only significantly regulated by
fertilization. The number of grains per spike in RF was generally higher than that in CF. MRF treat-
ment showed the best performance in grain morphology traits such as grain length and width, but
there was no significant difference compared to SRF treatment. In terms of nutritional quality, fertili-
zation significantly improved the protein and wet gluten content of grains. Under fertilization condi-
tions, the protein content of grains from MS, M, S crops increased by 3. 69—4. 88, 2.21—2. 26 and 3. 83—
3.93 percentage points, respectively, compared to no fertilization. The wet gluten content increased by
10.23—12.58, 5.64—5.69 and 9. 09—9. 53 percentage points, respectively. The gelatinization char-
acteristics are synergistically regulated by crop stubble and fertilization, and the gelatinization index of
RF is the best. Among them, the peak viscosity(1 338. 33 c¢P) and final viscosity(1 633. 33 cP) of
SRF treatment are significantly increased by 14. 6% and 4. 8%, respectively compared to SCF treat-
ment. In terms of rheological properties, intercropping has a significant advantage, with MSRF treat-
ment having longer stability time(2. 30 min) and higher quality index(45. 55) than other combina-
tions. However, the water absorption rate of soybean stubble(59. 00% —61. 30%) was not signifi-
cantly different from that of maize crop. Under the present experimental conditions, soybean mono-
culture with a 20% reduction in fertilization can achieve high wheat yield, ensuring grain protein and
wet gluten content, and optimizing flour gelatinization characteristics, which is the optimal cultivation
combination for green, high-yield, and high-quality wheat production.

Keywords: Wheat; Stubble type; Fertilizer application; Yield; Quality

N E EEREEY Z — e E AR
A PRI R v ok, G o 7 R T —
FLA 32 RTE . it G AR 7= i 2 A L (RIS
BB 1A B im0 URR 9% R B 3 e
I FEARAIE/ N A R D0 5T ) T B T L A o B A
S I Al o 00 o ST R A 7 B B OR

FORFFE 2 R 1 e S R K BE T T R A
[F) L, ) A/ A e 7 RE D R B . ELRMEY B AT
A= Wy 1 R 3 HAE DA OIE 85w » RE 4 i Jim #E
PR B0 77 Rt B At ot SRR A ROR T L B A1
R ALY BIFFE 2 WL i 6 35 5 W /N 2 4k
WEEH e A R K T MOk RL T AR R L T
SEPUAE T R AT I FC 5 vl e G A R R
ST B -DNENE K §ESE v & il R AR
AR . BEFF IS R RN R G AE
AE A 25 U0 0 T A R A R T X
P 5 NN - 1 I e NI A L L U T avd
BN RGBT ANE 7 B ™ . APF50A
SR /INFERFRL T AR P SR, TR S e I R i
b R A 1T e A BT 4R TR
SZ 14 THT AT R I ) 0 5 4 oy e AT L L 9

RO AL JCH RS A RGO X T NE
o P I e A 7 A B R

H I A S FE TRt AR X /s 22 7= 2 5 i) A F
2 N SIS 78 /N 22 5 T T 2 4R b it A
AR A AR R 6N R A A M
ARHIFGE LK A 3R 38 5 I AN 6] 2 A
AL d 20 G R /N 7 R T AR AL IR SRS AT IR
FH T 24 R A S %o 7 o B i 5 Y B2, 7R
E Fe A A 7E TR AR 55 41 4 . A 5% AP T T X/
A2 4 B AR A B R L

1 ##E5F&*

1.1 R SR

A FE e T G A6 A MO B K 2 b R X (34°
17'N,108°07"E) 2010 4 ¥4 (4 K 01 52 7 3K 5%, T
20232024 AEHEAT B 9R A, 56 1 ) T B K
W RCEHSRME 1 R, RS RTHEE A AL
W 14.27 g+ kg L, RAEGHE 0.70 g - kg '
B A A i 32,72 mg « kg 'L ABE T A 12, 08
mg * kg ' HEALH & it 145,65 mg - kg '



FALAS AR < FE FAiE AT S % /0N 22 7 a5 B JBE 14 5% ) © 937 -

80 " FE/KE Precipitation .35

70l - SZIS 8 Average temperature 30
&)
g 60} 25 E
g 50 20 g
= B [
i & ’fé 5
¥ 5 40t 15 I
¥ 3 1)
£ 30t 10 55

j)

& 20| 5 §
10} 0 <

0 -5

100 11 12 1 2 3 4 5 6
A 4 Month

E1 KREEEkENFEHSE

Fig. 1 Precipitation and average temperature

during the experimental period
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Table 1 Fertilization rates for summer crops and winter wheat

T Jiti JE 7K - N/ P, 05/
Crop stubble  Fertilizer level (kg + hm ?) (kg + hm™?%)
M CF 200 140

RF 160 112

NF 0 0

s CF 50 70
RF 40 56

NF 0 0
MS CF 250 210
RF 200 168

NF 0 0
w CF 200 140
RF 160 112

NF 0 0

M. BfE T S BAER T MS: B2 || K W. & /N# NF.
ANHEAE s RF « ol it I 5 CF - 8 it Bt AT .

M. Monoculture maize; S: Monoculture soybean; MS: Maize-
soybean intercropping; W: Winter wheat; NF: No fertilization; RF:

Reduced fertilization; CF: Conventional fertilization.
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Table 2 Effects of crop stubble, fertilizer application on wheat yield and yield components
HH Jite AT 7K S AL TR EL ToRL T s
Crop stubble Fertilizer application Spike number/(10* « hm™?) Grains per spike 1 000-grain weight/g Yield/(kg « hm™?)
MS NF 222.67+9.45d 20.374+8.48¢ 40.01+4.60b 1770.59+600. 38b
CF 422.00£27.50b 31.29+1. 20ab 40,1842, 29ab 5 331.27+818. 95a
RF 391. 33+26. 86b 32.927+4.60a 39.1041.97b 5 044.774883.72a
M NF 233.33+3.06cd 23.944+7. 36abc 39.0641.78b 2 174.774640.61b
CF 426.00+4. 20b 29.10=+2. 22abc 41. 0042, 78ab 5 056.544321. 06a
RF 509. 33+70. 55a 29.3147. 72abc 41.4940. 70ab 6 322.824231.17a
S NF 292.67+11.02¢ 22.0744.98bc 44,5642, 23a 2 857.22+494.55b
CF 515.33+55.47a 27.77+1. 33abc 40. 144+0. 86ab 5 726.41-+405, 25a
RF 460. 00439, 04ab 33.48+3.05a 38.05+1.65b 5 860.32+772.22a
CF@ c 9.35°% 0.00 0.56 L
F value F 86.55" 8.397 " 1.12 34.19" -
CXF 3.32" 0. 60 2.95" 0. 60
C:#E T Fo B K o IR B0 B 5 AN 18] <7 B 378 Ak #1LR) 22 57 1935 (P<<0. 05) . * :P<C0.05; » » ;P<(0.01, T,

C: Crop stubble;

among treatments at 0. 05 level. * ; P<C0.05; =

F. Fertilizer application. Different letters after the values within the same columns indicate significant differences

% . P<C0.01. The same in tables 3—6.
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Table 3 Effects of crop stubble, fertilizer application on physical properties of wheat grains

A Jife HE 7K - JEK K5Et PR T
Crop stubble Fertilizer application Perimeter/mm Aspect ratio Length/mm Width/mm
MS NF 15.85-£0. 91b 1.94+0.01d 5.82-0. 45ab 3,040, 22ab
CF 15.93-£0. 47b 2.23-40. 10a 5.85-0. 36ab 2.69-40. 27¢d
RF 15.83-£0. 37b 2.13-0. 11ab 5.85-0. 20ab 2.80-£0. 21bed
M NF 16.09--0. 37ab 2.01-40. 15bed 5.92-40. 13ab 2.99-+0. 20abe
CF 16. 040, 50ab 2.06-0. 06bed 5.86--0. 13ab 2.90-£0. 14abed
RF 16. 38-£0. 28ab 2.07-£0. 06bed 6.08+0.11a 2.97+0. 12abed
S NF 16. 83-0. 38a 1.960. 07cd 6.16=0. 10a 3.1920. 15a
CF 15.72-0. 18b 2.10-£0. 0dabe 5.75-0. 06ab 2.78-40. 07bed
RF 15.51-£0. 37b 2.13-£0. 06ab 5.58-+0. 19b 2.67-40. 04d
""""" Fi  C o099 o9 100 1
F value 1.82 11.30" 1.28 8.63"
CXF 2.98" 1.99 2.74 2.07
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Table 4 Effects of crop stubble, fertilizer application
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Table 5 Effects of crop stubble, fertilizer application on wheat flour gelatinization characteristics

wWH K W {0 82 A (ER Ve v {i KAHHE ] A fif AL 1) 1k i
Crop Fertilizer Peak Trough B 'i{d /P Final Setbouk/cP Pasting Pasting
stubble application viscosity/cP viscosity/cP reakdown/c viscosity/cP ctbouk/c time/ min temperature/ C

MS NF 1044.33+30.29¢  553.33+18.50f  491.00+47.84ab 1 280.0043.00e 726.67+15.50cd 5.24-+0.04a  70.92-0.03a
CF 1 095.33+34.15d 646.00+10.00e 449.33+24.42bed 1 382.33+7.37d 736.33+6.66cd 4.2040.00c¢ 70.97+0.03a
RF 1 263.00+23.43b 755.67+7.02¢ 507.33+17.79%a 1 541.33+5.51b 785.67+3.51ab 4.1140.03d 70.88+0.83a
M NF 1069.33+9.29de  689.3349.87d  380.0043.61ef 1 362.67+5.51d 673.33+14.98¢  4.4240.04b  70.1840. 78ab
CF 1104.33+45.79d 751.67=+9.02¢ 352.67+53.13f 1493.334+42.19¢c 741.67+50. 14cd 3.85+0.04de 69.85+0. 48ab
RF 1231.67+9.29b 829.67+11.37b 402. 0045, 57defl 1 659.00+9.64a 829.33+20.55a 3.8940.03e 69.58+0.40b
S NF 1092.33+14.19d  650. 67+16.44c  441.67+27.79bed 1 367.67-44.56d 717.00+37.16d  4.38+0.10b  70.40+1. 24ab
CF 1167.33+14.19c  748.00+23.30c  419.33+14.36¢cde 1 558.00-8.54b 810.00+15.62a  3.80+0.07¢  70.42+0. 46ab
RF 1 338.33432.59a 868.00--11.27a  470.33--37. 54abc 1 633.33+18.82a 765.33+16.01bc  3.8040.00e  70.9540.83a
I o 69.65 0 .60 6500 L1 200307 5660
F value
F 149.89" " 406.84" " 6.72"" 345.95"° 30.09"°" 667.23" " 0.04
CXF 1.99 6.48"" 0.09 5.02°° 8.42"" 37.367 " 0. 60
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Table 6 Effects of crop stubble,fertilizer application on the rheological properties of wheat flour
% 7k 2% SR . i3 A4S % P W A 4 58 »
w0 omkr  RKE BREE RERE o BOLPIER e EER g g g
Crop Fertilizer o Development Stability Degree of g Peak energy/ © , Farinograph
stubble application absorption time/ min time/ min softening/FU tolerance (Wh+ kg™ 1) bandwidth/ quality number
: ppiica rate/ % ! : g/ index/FU g FU 1 y
MS NF 55.5040.7le  1.6540.35c 2.5540.07a 177.40438.89ab 134. 95435, 28ab 2.3540.78b 57.5043.54ab 35.10+8.91ab
CF 62.50+0.42a  2.8540.21a 2.10+0.71ab 179.9047.07ab 95.00414.14b 3.6040.14a 52.5043.53b 39.85+3.32ab
RE 60.00-0.00bed 2.8040.14a  2.3040.14ab 129.95+21.14b  92.50+17.68b 3.7040.14a 55.0040.00ab 45.55+5.87a
M NF 58.2340.87d  2.4740.15ab 2.33+0.15ab 201.57430.55a 126.63+12.53ab 3.4340.06a 55.0045.00ab 31.60+6.20ab
CF 61.10-£0. 14ab  2.4540.07ab 1.8540.21ab 147. 45431, 75ab 112. 5043, 54ab  3.054:0.07a 52.5043.53b  40. 604, 10ab
RF 60.500.00bc  2.6040.10ab 1.8040.10b 186.57414.43ab121.60418.87ab 3.4040.10a 58.3342.89ab 35.10+4.27ab
S NF 55.3040.7le  1.2540.21c  1.9040. 14ab 209. 90442, 43a 154.95442.36a 1.7040.00c 60.00421. 21ab 28.30+9. 62b
CF 59.00+1.41cd 2.3040.14b 1.8040.14b 201.40433.23a 126.95418.3lab 3.4540.07a 72.5043.54a 33.55+5.59ab
RF 61.30£0.71ab 2.5040.14ab 1.8040.28b 169.9047.07ab 107.50417.68ab 3.204:0.00a 57.5043.54ab 38.80+3.96ab
F1{H C 7.19% 13. 36 4.45 2.16 1. 46 6.11 2.38 1.94
F value
F 74,25 * 36. 02 2.88 1.87 3.20 21.53* * 0.17 2.56
CXF 10,57 * 10. 39 0.51 1.39 0. 60 9.21° 1.45 0.56
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