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Effects of the Double Cropping System on Wheat Quality and Soil Properties
Jisu Choi"', Seong Hwan Oh? Seo Young Oh', Tae Hee Kim’, Sung Hoon Kim', Hyeonjin Park', and Jin-Kyung Cha'

ABSTRACT To achieve self-sufficiency in domestic wheat (7riticum aestivum L.), an increase in high-quality wheat
production is essential. Given Korea's limited land area, the utilization of cropping systems is imperative. Wheat is compatible
with a double cropping system along with rice, soybeans, and corn. Data on alterations in wheat quality following summer crop
cultivation is required. This study investigated the impact of cultivating preceding crops such as rice, soybeans, and corn in a wheat
cropping system. The analysis focused on the influence of these preceding crops on wheat growth, quality, and soil characteristics,
elucidating their interrelationships and impacts. While there were no differences in growth timing and quantity during wheat
growth, a significant variance was observed in stem length. Protein content, a key quality attribute of wheat, displayed variations
based on the intercropped crops, with the highest increase observed in wheat cultivated after soybeans. Soil moisture content also
exhibited variations depending on the intercropping system. The wheat-rice intercropping system, which requires soil moisture
retention, resulted in greater pore space saturation in comparison to other systems. Moreover, soil chemical properties, specifically
phosphorus and calcium levels, were influenced by intercropping. The highest reduction in soil phosphorus content occurred with
soybean cultivation. These findings suggest that intercropping wheat with soybeans can potentially enhance wheat quality in
domestic varieties.

Keywords : cropping system, soil properties, wheat, wheat quality
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A8 ZHFAAACCL 2010). ST} A7 sl9ck shald BAL augerS ol$ato] Bof 29 015
AACC method 08-01.01, 56-61.029] &3} =43} 1L, cm?| EOFL AF3 & S A A B & B0 A3
i AsEES LECO FP628 (Laboratory Equipment Co., th 3} L 22T A BEFSIeHA] B EAH(NIAST, 2000)
St. Joseph, Mich., USA) H|= AACC method 44-30.019] o] &3}lo] pH (1:5), & A4S AVARE, {715
uef S5, ANE oA RTES 14%2 B AL A2 Fol (K, Ca, Na, Mg)a S48t
ABFATHAACCL, 2010). F81-2 Perten Glutomatic 2200
system (Perten Instrument AB, Huddinge Sweden)& o|-& E7EAM
51o] wet glutendrg T} dry gluten 3 F151¢ich ofd 2 ZA B2 SAS Enterprise Guide 7.1 (statistical analysis
Z~+= Juliano (1971)9] YH-& /\}%0} Qi W g & oopy systems, SAS Institute, Cary, NC, USA) program-2 ©]-&
2 a2 B AE S5k S dAES Yehde A stglow, 4 F3 9 U ARAA A sHE9] kel 9
¥9] 8 gH+ Falling Number 1900 (Perten Instrument, gtxlo] B 93f o] YEAHEH(two-way ANOVA)S
Sweden) &2 ZA}qty. D7FE9] 71544 RVA 4500 33t & Duncan®| g2 ATHAS sk
(Perten Instrument, Sweden)S ©]8-3}¢] peak viscosity,
trough strength, breakdown, final viscosity, setback, peak Znt 2 p =k
time, pasting temperature #FS 3}Ath
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7+ Z-& Aull & soil core sampler (Soilmoisture Equipment o0& Holx| oron}, AEA A wetA= 525t x}o]
Crop, USA)E o|&3ste] EF 591 0~15emE 255t £ H3led, AEE HE AL 99 o] g4YE
2eEO R BEOE AXAV|LL, 358, SETRETE T+ 737 om, 2 YL 739 emz 7P Zth HAS B A
Table 1. Growth and yield of wheat.
Vari Cropplng Planting Regrowth Heading Culmz) Spike Numper Numb;r Testt2) 1000.grain Yield
ariety system” date date date length length of sp;kes of Qra121}s weigh weight (ke/10a)
(M. dd) (M. dd) (M. dd) (cm) (cm) (m°) /Spike” (g/500 mL) (2)
NwW 11. 2 2.6 4. 4  85.1+1.6a 7.8+0.3 1060+194 244+2b 405.8£2.2b 50.2+0.2 562+36
Geumgang RW 10. 29 2.7 4.9 73.7+2.1b 7.740.1 652444 23+1b  417.9+1.7a 51.3x1.6 581439
SwW 10. 29 2.7 4.9 72.44£1.8c 7.0£0.3 767£57 23+2b  418.3t1.7a 48.7x1.3 488+49
CW 10. 29 2.7 4.9 70.741.4c 6.9£0.2 854+89 25+1b  420.3+2.5a 48.1+0.1 608+7
NwW 11. 2 2.6 4. 13 82.9+2.8a 7.9+0.6 1010£269 34+2a 406.7+£1.2b 50.7+0.3 624+94
Jokyeong RW 10. 29 2.7 4.9 739+1.2b 6.9+0.6 871+42 27+3a  417.0£2.6a 53.5+£0.8 584+47
SW 10. 29 2.7 4.9 65.0+4.0c 7.7£0.3 790+42 23+la  411.1+5.1a 48.5+1.0 506124
CwW 10. 29 2.7 4.9  69.0£1.2¢ 7.3£0.4 804104 27+2a 415.0£2.3a 50.9+2.7 644493
Factor’ Culm length Spike lenth Nu.mber g)f Number .Of Test weight IOQO grain Yield
(cm) (cm) spike (m”) Grains/Spike (g/500 mL)  weight (g) (kg/10a)
Variety 9.56NS 0.51NS 0.44NS 32.54% 8.36NS 6.47NS 1.06NS
Cropping system 60.02%* 4.77NS 5.58NS 11.48NS 24.42% 9.52NS 3.62NS
Variety * Cropping system  3.31NS 4.37NS 1.4INS 10.58NS 3.03NS 1.85NS 0.20NS

UNW, No crops sown before cultivating wheat in 2020; RW, Rice-wheat rotation in 2021; SW: Soybean-wheat rotation in 2021;
CW: Corn-wheat rotation in 2021 ?Means in the same column followed by the same letter are not significantly different at
P<0.05, as based on Duncan’s multiple range test *Statistically significant difference based on two-way ANOVA test (*P<0.05,
NS represents not significant)
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Table 2. Quality traits of wheat influenced by the cropping system.

Variety Cropping MERY’ Ash SDSS? Protein ’ Gluten content (%) Amylose Falling
system (%) (%) (mL) (%) wet dry Number
NW 79.0£1.5a  0.52+0.03  52.1+£5.9a 12.2+0.5a 33.6+1.5 13.7+0.4 23.440.1  387.5455.2
Geumgang RW 69.6£0.5b  0.52+0.04  46.8+0.2a 11.2+0.52" 32.9+2.4 12.9+0.4 26.1£0.6  401.7+8.3
SW 66.9+£1.2b  0.46+0.03  46.7+0.3a  12.3+0.6a* 45.9+4.5 16.9+2.6 26.2+1.0  413.3+£6.5
Cw 67.2£1.0b 0.48+0.01 41.7£3.1a 10.8+0.9a"  32.3+£3.2 12.6+1.7 26.6+0.3 407+11.0
NW 78.1+0.4a  0.56+0.05 38.3+0.6b  8.6+0.0b" 19.6+3.9 7.4£1.2 24.7+£0.0  361.7+14.4
Jokyeong RW 66.9+1.2b  0.53+0.05 36.7+49b  8.8+0.3b"  32.0+16.3 11.746.0 26.4+0.7  384.2+25.1
SwW 67.9+1.6b  0.53+£0.03  45.0+4.4b  12.0+1.1b* 42.2+4.8 15.6+2.3 262409  434.5+12.6
Ccw 68.1£0.2b  0.53+0.01  34.8+1.1b  9.1+0.3b°  25.6+2.5 9.6x1.1 25.741.7  409.3+25.4
Factor? MER Ash SDSS Protein Gluten content (%) Amylose Falling
(%) (%) (mL) (%) wet dry Number
Variety 3.52NS 8.17NS 28.82* 61.05* 4.53NS 6.86NS 1.33NS 0.17NS
Cropping system 150.04* 2.04NS 5.0INS 14.43* 7.65NS 5.19NS 13.12NS 6.26NS
Variety * Cropping system 2.65NS 0.72NS 3.45NS 8.75NS 1.66NS 1.85NS 1.78NS 0.45NS

YMER, Milling extraction rate; 2’SDSS, SDS sedimentation value; ’Means in the same column followed by the same letter
are not significantly difference at P<0.05 based on Duncan’s multiple range test >Statistically significant difference based on
two-way ANOVA test (¥*P<0.05, NS represents not significant)
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Table 3. Pasting properties and past clarity of wheat starch.

. Cropping .Peal.< J Trough ,  Breakdown"’ .Fmgl J Setback ’ Peak Time' Pasting Temp.
Variety svstem Viscosity Strength (RVU) Viscosity (RVU) (min) °C)
Y (RVU) (RVU) (RVU)
NW 2001a* 1392a* 610a 2479a* 1087a 6.2a 90.1
RW 1091a* 881a* 210b 1696a* 815b 6.1a 92.6
Geumgang
SW 1131a” 930a” 201b 1724a” 793b 6.2a 86.9
Ccw 1138a” 919a” 219b 17262 807b 6.2a 92.3
NW 1805b* 1159b* 646a 2172b* 1013a 6.0b 87.6
RW 907b* 697b” 210b 1428b” 731b 5.9b 91.3
Jokyeong ! !
SwW 1077b° 871b° 205b 1709b° 837b 6.0b 91.6
Ccw 1004b” 817b° 188b 1607b%* 790b 6.0b 91.9
2 .Peak. Trough Breakdown .Fmal. Setback Peak Time Pasting
Factor Viscosity Strength (RVU) Viscosity (RVU) (min) Temp. (°C)
(RVU) (RVU) (RVU) p-
Variety 71.45% 53.26%* 10.75NS 31.72% 8.13NS 35.60%* 0.0INS
Cropping system 384.29* 96.81* 1193.71* 87.56* 62.13* 2.75NS 1.83NS
Variety * Cropping system  0.00NS 0.00NS 1.5INS 0.00NS 1.50NS 0.05NS 1.66NS

UBreakdown, The difference between peak viscosity and trough strength ’Means in column followed by the same letter are
not significantly different at P<0.05 based on Duncan’s multiple range test 2Significant difference according to two-way
ANOVA test (*P<0.05, NS represents not significant)
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A7F ¥ B SeeE A S At dEG Zio F 0 old BF RS Ul Ao, gErs EF U
A A T oshEEel e ot EAS B FE2 AR Bol w2 Ao Hed, s A AF HIE 14.11%,
&3 djdoellon, Fake] ARAATE @ Fho) 7 FOl 5.91%, ST 5.38% kst BlE At B9
SAA YIS FUS eI, o] Ak Caviglia o A w]&o] 74 34 57181928 YEldThFig. 1).
et al. (2011) 5 o] =FojA ¥zl Fol WU old g+ Bhatt er al. (2016)2 HE A AL gHEAo2 2 wH
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(A)
®)
©

Fig. 1. Soil physical properties before and after summer crop cultivation. W, water content of the soil; A, air content of the
soil; S, solid content of the soil. W and A occupy the pores in the soil. Soil physical properties before and after (A)
rice cultivation, (B) soybean cultivation, (C) corn cultivation.

Table 4. Soil chemical properties before and after summer crop cultivation.

Fiel ECY > P,05” K o M
locafi:nl) Year  CBSS? pH ™ (d§m) (()"S’) (nf;/lig) (cmoly/kg) (Cmiallc/kg) (Cmolcg/kg) (le(jl?/kg)
Wheat 6.7 0.26 0.46 2.4 106* 0.9 7.0% 1.8 0.20
2021 Rice 6.2 0.20 0.56 2.6 66* 0.6 8.3* 1.6 0.15
RW subtract -0.5 -0.05 0.10 0.2 -40 -0.3 1.2 -0.2 -0.05
Wheat 6.5 0.21 0.41 3.1 106* 0.7 8.1%* 1.8 0.14
2022 Rice 6.8 0.19 0.51 2.5 42% 0.5 9.0* 2.1 0.27
subtract 0.4 -0.02 0.11 -0.5 -65 -0.2 1.0 0.3 0.13
Wheat 6.9 0.24 0.48 2.5 144* 1.2 8.2NS 2.1 0.18
2021 Soybean 6.6 0.22 0.36 3.0 98* 0.8 8.8NS 1.8 0.14
SW subtract -0.2 -0.02 -0.12 0.4 -46 -0.4 0.6 -0.3 -0.05
Wheat 6.4 0.22 0.37 3.0 138* 0.7 7.9* 1.7 0.12
2022 Soybean 6.6 0.21 0.35 2.8 55% 0.6 8.2%* 2.0 0.21
subtract 0.1 -0.01 -0.01 -0.3 -83 -0.1 0.3 0.2 0.09
Wheat 6.8 0.19 0.45 2.6 122% 1.1 7.3% 2.0 0.19
2021 Corn 6.5 0.21 0.45 3.0 96* 0.7 9.1% 1.9 0.16
W subtract -0.3 0.03 0.00 0.3 -26 -0.4 1.9 -0.2 -0.04
Wheat 6.6 0.20 0.34 3.0 116* 0.8 7.8% 1.8 0.10
2022 Corn 6.9 0.20 0.43 2.7 63* 0.6 8.8% 2.3 0.23
subtract 0.3 0.00 0.10 -0.3 -54 -0.2 1.0 0.4 0.12

DLocation of cropping system. RW, Rice-wheat field; SW, Soybean-wheat field; CW, Corn-wheat field JCBSS, Crop before
soil sampling TN, Total nitrogen YEC, Electrical conductivity *OC, Organic contents ®Statistically significant difference based
on ANOVA test (*P<0.05)
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