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Effects of straw return on soil nutrients and crop yield in rice-rapeseed rotation
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Abstract: A seven-year field study from 2016 to 2023 was conducted on typical paddy soil in Jiujing city, Jiangxi province, to
evaluate the effects of different straw returning methods on soil nutrients and crop yield in a rice-rapeseed rotation system in the
middle-lower Yangtze Plain of China. The study included four treatments: no straw returning (CK), rice straw returning during the
rapeseed season (T1), rapeseed straw returning during the rice season (T2), and straw returning during both the rape and rice sea-
sons (T3). Measurements of shoot and root dry matter, crop yield, and soil nutrient content were taken at key growth stages during
the 2022 rice season and the 2022-2023 rape season. The results indicated that, compared with CK, straw returning significantly
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increased soil pH and the contents of organic matter, and N, P, K, and other nutrients. The T3 treatment was particularly effective,
significantly increasing soil pH by 9.7% and 12.9%, alkali-nitrogen by 32.9% and 25.5%, available phosphorus by 33.5% and
24.3%, available potassium by 56.3% and 58.6%, total nitrogen by 22.9% and 33.0%, and organic matter by 26.6% and 50.8% (P
< 0.05) in the rice and rape seasons, respectively. Dry matter accumulation in rice initially increased and then decreased as the
growth period extended. The T2 treatment significantly promoted dry matter accumulation, whereas the T3 treatment inhibited it
during the early stages of rice growth. Compared with straw removal, straw returning increased rice grain yield, with the largest
increase of 13.9% observed in the T2 treatment (P < 0.05). In rapeseed, dry matter accumulation continued to increase with the
growth period, and the T2 treatment most significantly promoted this accumulation. Compared with CK, the T2 treatment resulted
in the largest increase in rapeseed grain yield, by 20.0% (P < 0.05). Correlation analysis showed that available potassium was
significantly positively correlated with the rice seed setting rate (= 0.84"", P < 0.01). Total nitrogen and available potassium were
significantly positively correlated with the number of pods per plant (= 0.705", = 0.623", P < 0.05) and rape yield (» = 0.623", r
=0.690", P < 0.05). These findings suggest that the major reason for the yield increase may be the elevated content of soil total
nitrogen and available potassium due to straw returning. Considering soil nutrients, dry matter accumulation, and crop yield, rape
straw returning during the rice season (T2) performed best and could be recommended for promotion and application in the mid-

dle and lower reaches of the Yangtze River.
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Fig.1 Monthly average temperature and precipitation in the experimental area from 2022 to 2023
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Fig. 2 Dry matter accumulation of crops under different straw returning conditions

CK: T 2 RN E H; T1: GRS FOKRERATE B T2: (UK ZRHFEFTIE H; T3: Rm R SEH

CK: no straw returning in both rice and rapeseed seasons; T1: rice straw returning only in the rapeseed season; T2: rapeseed straw returning
only in the rice season; T3: straw returning in both rice and rapeseed seasons.
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Table 3  Soil nutrients under different straw returning treatments

s e R TR Tl A 2R A EERING
Cultivation Treatment pH Available P Available K Alkali N Total N Organic matter
season (mgkg") (mgkg") (mgkg") (gkg") (gkg"
IKFEZE CK 5.78+0.06 b 15.71£0.60 ¢ 57.22+1.34d 98.29+1.22 b 1.09+£0.08 b 16.82+0.55 b
Rice T1 5.95:0.17ab  17.9840.77b  8530+1.38b  107.72+4.80 b 1.30<0.08 b 18.68+0.81 ab
season T2 630+0.04a  19.76£0.69a  79.64+0.63c  108.59+8.45 b 1.2240.06 ab  18.68+1.61 ab
e 6340282  20.974036a  89.46:1.01a  130.65:3.98 a 13440.11a  21.30<2.16a
3 CK 5.1940.04b  16.924029c¢  5639+1.25¢  95.82+1.92b 1.0340.08 b 15.19+0.23 ¢
Rape TI 526+0.01b  18.8140.03ab  74.48+2.92b 104984750 ab  1.27+0.06a  19.69+40.42 b
season ) 5460.11b  18.56+0.73b  84.8443.83a  97.9846.30 b 1.3340.05a  19.34+0.92 b
T3 5.86+0.18a  21.04£1.51a  89.46+1.01a  120.23+6.22a 13740082 22.90+0.79 a
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Abbreviations are the same as those given in Table 1. Different lowercase letters indicate significant differences at the 5% probability level.
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Fig.3 Correlation between soil nutrients and crop yield and yield components
a THCF 1~13 205K ZE L3 pH AR . AHLBT. 2. TR, AR, B . KRRk E . AR RORLE. RESORIEL
9L TRIEAFPRL™ B b TEE 1~13 AR L pH . AHLBT. A WA AR, HER . ISR

IR . — AR R AR SRR AR AR BRI

AR

*FIF*40 BFIRAE 0.05 F1 0.01 48R K S (U

In Fig. a, numbers 1-13 represent the soil pH, organic matter, total N, alkali N, available P, available K, plant height, effective panicle, total
grain number per panicle, filled grain number per panicle, setting percentage, 1000-grain weight, and grain yield in rice season, respectively.
In Fig. b, numbers 1-13 in represent the soil pH, organic matter, total N, alkali N, available P, available K, plant height, branch height,
effective branch number, main pod number, branch pod number per plant, seed number per pod, and grain yield in rape season, respectively.
* and ** indicate significant correlations at the 0.05 and 0.01 probability levels (bilateral), respectively.
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