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Effects of Double Ridge Tillage Combined with Straw Returning

on Soil Nutrients and Tobacco Yield and Quality
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Abstract: To explore the effects of two cultivation measures of double ridge tillage and straw returning as
well as their interaction on soil nutrients and tobacco yield and quality, the flue—cured tobacco variety K326
was used as the experimental material, and a field trial with randomized block design was conducted in a
flue —cured tobacco planting area in Yizhang County, Hunan Province, based on two kinds of ridge tillage
methods (one is one—time ridge tillage, and the other is the first ridge tillage followed by soil exposure to sun—
light, and then the second ridge tillage) and whether rice straw returns to field or not. The results showed
that, compared with one—time ridge tillage (T1+T2) and no straw returning (T1+T3), the double ridge tillage
(T3+T4) and straw returning (T2+T4) significantly increased soil organic matter content, and improved the
sugar—nicotine and nitrogen—nicotine ratios of tobacco leaves as well as the tobacco yield, output value and

productivity. The positive interaction between double ridge tillage and straw returning was significant. In ad-
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dition, the double ridge tillage also significantly raised the total sugar and reducing sugar contents of tobacco

leaves, and significantly lowered the nicotine content, leading to more suitable sugar—nicotine and nitrogen—

nicotine ratios. In terms of sensory evaluation, rice straw returning could significantly improve the sensory

quality of tobacco leaves. Due to a higher production cost resulted from double ridge tillage, for the sandy

soil with good basic fertility, one—time ridge tillage combined with rice straw returning could achieve better

economic returns. The study provides scientific evidence for better cultivation of flue—cured tobacco in to—

bacco-rice rotation areas in Hunan Province.
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Table 1 Basic physical and chemical properties of the tested soils

1 1, T3 AU Organic  BAMFAL Alkali-hydrolyzable F 30 Available T Available
Test plot  Soil texture pH matter/(g- kg™ nitrogen/(mg* kg™) phosphorus/(mg*kg™)  potassium/(mg*kg™)
wE Hemai+ 7.78~7.89 39.58~54.30 174.55~234.69 38.45~48.94 286.73~416.82

Bali Loamy clay
Ry WFHEEL 779788 50.28~68.90 189.51~244.79 32.72~43.70 207.86~284.44

Tiantang  Sandy clay
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Table 2 Experimental scheme of different tillage methods and rice straw returning

iR {T\ /D\

] UAVEN KRR Tﬁfij%w o
Treatment Tillage method Rice straw B Bali FHE Thantang
T1 — U BB 22 NETE 1 000 1050

One-time ridge tillage No stubble left
T2 AR 730 800
High-stubble straw returning
T3 ZKEIBEEZE BT 320 630
Double ridge tillage No stubble left
T4 AR 860 830

High—stubble straw returning
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Table 3 Changes of physical and chemical properties and nutrients in soils of Bali test plot

KA E] Qb3 - AT Organic  HAAF A Alkali-hydrolyzable F 3 Available T Available

Sampling time ~ Treatment P matter/(g kg™ nitrogen/(mg*kg™) phosphorus/(mgkg™)  potassium/(mg-kg™)
HHHT RS AR T1 7.82¢ 39.63¢ 188.82° 41.58" 387.95"
Before tobacco T2 7.82° 41.62° 204.92% 48.08" 408.31°
seedling T3 7.86 45.18° 207.56* 41.04 303.01°
transplanting T4 7.83¢ 53.91" 221.44 44.56" 360.17°
AR SRR T1 7.99" 40.51° 214.77° 30.19" 309.03°
After tobacco T2 7.93* 49.61° 239.27™ 42.16" 366.71°
leaf harvesting T3 7.95% 49.99¢ 258.01" 34.37¢ 269.91

T4 7.95% 58.03" 284.68* 48.50° 328.22¢
B FE PRI (F {H) Significance test (F value)
HHE K Tillage method 1.67 153.36™ 3.99 2497 341.88"
FEBLA H Straw returning 0.60 424.72" 10.13" 16.20" 116.00™
B 7 2 o id 1 0.60 60.44" 1.04 5.18° 26.14"

Tillage method x

Straw returning

E: RSP RBNBFHEAFTAE P05 9K FLAARERER " AT PO0SHRKFLAASEREZR " AFL
P<0.01 89RF LA R FMEZR, TR,

Notes: Different lowercase letters in the same column indicate significant difference, P<0.03. " significant difference, P<0.05; ™ ex—

tremely significant difference, P<0.01. And the same below.
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Table 4 Changes of physical and chemical properties and nutrients in soils of Tiantang test plot

A B ] Qb3 FHHLE Organic  Bf#Z Alkali-hydrolyzable H W Available T Available
Sampling time ~ Treatment pH matter/(g kg™ nitrogen/(mg* kg™ phosphorus/(mg*kg™)  potassium/(mg-kg™)
A B RS T1 7.80" 50.51° 213.27¢ 43.10° 275.93¢
Before tobacco T2 7.86% 60.05° 227.44" 40.00 259.28"
seedling T3 7.88¢ 54.88¢ 203.78" 38.36" 257.51"
transplanting T4 7.86™ 67.94" 234.21" 34.71° 224.87¢
AR R T1 7.87% 51.00° 237.83" 27.66" 236.82"
After tobacco T2 7.91* 67.74" 268.82* 21.46° 208.24¢
leaf harvesting T3 7.88¢ 56.19° 235.95 27.66" 209.76"

T4 7.93 75.33¢ 282.22¢ 27.19¢ 221.70¢
1B MR (F (H) Significance test (F value)
BEHETT X Tillage method 0.55 54.927 0.09 7.23" 77.63"
FEHA H Straw returning 0.14 186.31" 17.83" 9.80" 22.16™
BEVE 7 2 ad 3.50 35217 1.64 7.26° 11.14°

Tillage method x

Straw returning
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Table 5 Changes of chemical components in C3F tobacco leaves under different treatments in Bali test plot

Qb LI S Total 1 B Reducing 2 Total i A WG L AL L
Treatment Nicotine/(%) sugar/(%) sugar/(%) nitrogen/(%) K/(%) Cl/(%) Sugar/nicotine Nitrogen/nicotine K/Cl
Tl 3.34¢ 19.51¢ 17.34° 1.87 1.77¢ 042" 5.18¢ 0.56° 433
T2 3.05" 20.95™ 19.74> 1.98* 238" 0.70° 6.50" 0.65" 3.44%
T3 2.85" 23.03" 20.58" 2.00" 254" 0.81° 7.21" 0.70" 3.18
T4 1.86¢ 24.50° 22.74° 2.30° 3.10°0  0.70° 12.25° 1.23° 4.45°
I AL (F {H) Significance test (F value)
BEFEDT 50.29™ 22.03" 13.73" 360 26437 15.56° 15497 409.69" 0.04
Tillage method
e A 29.46™ 3.75 7.35" 2.89 15.99" 3.02 103.17" 298.24™ 0.27
Straw returning
BHET xR RIE I 8.52° 0.01 0.02 0.64 0.03 15.56"  3550" 150.21" 8.87"

Tillage method x

Straw returning
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Table 6 Changes of chemical components in C3F tobacco leaves under different treatments in Tiantang test plot

Qb3 LI S Total 8 JEH Reducing BV Total o A Wi L AL Lt
Treatment Nicotine/(%) sugar/(%) sugar/(%) nitrogen/(%) K/(%) Cl/(%) Sugar/nicotine Nitrogen/nicotine K/Cl
T1 3.00 21.43¢ 20.08" 1.77" 242" 0.50 6.72° 0.59° 497
T2 2.71% 22.81" 20.06" 2.05" 2.52*  0.69* 7.40°¢ 0.76" 3.70°
T3 2.42% 24.78" 21.40" 2.03* 2.54" 052" 8.89" 0.88¢ 495"
T4 2.32¢ 27.06° 23.85¢ 2.08¢ 2.92* 049" 10.33¢ 0.86" 5.99¢
I AL (F {H) Significance test (F value)
BHE 17.76™ 26.18" 8.69° 2.66 448 3.1 39.33" 41.33" 6.12°
Tillage method
FEELA T 2.87 6.09° 1.98 3.43 372 287 6.86" 5.78" 0.07
Straw returning
BHE R FBEA H 0.63 0.37 2.02 1.69 1.19  5.05 8.87" 10.15° 6.34"
Tillage method x
Straw returning
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Table 7 Sensory evaluation of C3F tobacco leaves under different treatments in Bali test plot
e TR HAE %’EL it BERM A éﬁﬁi W éJH\‘ . Sy
Treatment ArorTla Arorn.a Offensive Iezitancy Per.nTea— Softness After— Conc.en— Physiological ~ Total
quality  quantity taste ’ bility taste tration strength score
T1 5.70" 5.73¢ 5.60" 5.80° 5.77" 573" 547" 6.00° 543" 63.08"
T2 5.90° 5.83¢ 5.80° 5.90¢ 5.83% 5.97¢ 5.87¢ 5.83¢ 5.53" 65.17*
T3 5.77° 5.83¢ 5.53" 5.73¢ 5.73" 5.70" 5.57* 6.00° 5.80° 63.65"
T4 5.90° 6.00° 5.80" 5.90° 597 5.80" 5.73% 6.07* 5.63" 65.48"
I AL (F {H) Significance test (F value)
WHE T 1.00 2.13 0.25 0.25 0.90 4.50 0.03 1.89 10.89° 1.66
Tillage method
FE B4 [ 25.00" 2.13 12.25" 4.00 8.10" 12.50%  7.81° 0.35 0.22 33.47
Straw returning
B R RE B [ 1.00 0.13 0.25 0.25 2.50 2.00 1.32 1.89 3.56 0.15
Tillage method x
Straw returning
*8 XIEAWMAELET C3F EHHEEITFREE
Table 8 Sensory evaluation of C3F tobacco leaves under different treatments in Tiantang test plot
e BT B %’EL it BRM A éﬁﬂi W éJH\‘ . Sy
Treatment AFOH.’I& Arom.a Offensive Irritancy Per.n.lea_ Softness After= COn(’Zen— Physiological — Total
quality  quantity taste ’ bility taste tration strength score
T1 5.60° 5.60° 5.53¢ 5.83¢ 5.60" 577 5.70° 5.73¢ 5.40° 62.73"
T2 5.77° 5.73¢ 5.70° 5.87 5.77% 5.83* 577 577 5.50° 64.06™
T3 5.57 5.60° 557 5.73¢ 5.60" 567" 563" 5.73¢ 5.60° 62.36"
T4 5.80° 5.90° 5.80° 5.80° 5.87" 5.87*  5.80° 5.93¢ 5.70° 64.77°
BRI (F () Significance test (F value)
(RN 0.01 0.68 0.62 1.39 0.82 057 0.3 036 533 0.08
Tillage method
FERE 34 H 8.47" 4.57 5.54° 0.50 15.36" 9.14"  6.13° 0.70 1.33 9.76°
Straw returning
BT SORERE I 0.24 0.68 0.15 0.06 0.82 229 1.3 036 0.01 0.82
Tillage method x
Straw returning
*9 EHERXEHAELLETENHEZFERNESR
Table 9 Differences in economic indexes of tobacco leaves under different treatments in Bali test plot
Ly AL iy 7o A AR AR R
AbFH Single = Yield/  Proportion of Average Output Production  Production Production
Treatment leaf (kg/667 m?  superior—class price/ value/ cost/ profit/ efficiency
weight/g tobacco/(%) (OC-kg") (JL/667 m?) (JL/667 m?) (JL/667 m?)  improvement/(%)
T1 9.20° 147.20° 62.80° 35.64 5246.21° 3550 1 696.21° 0°
T2 9.38™ 150.18" 63.80" 35.76 5 370.44¢ 3550 1 820.44" 7.32
T3 941" 150.51" 66.20° 35.94 5 409.33 3630 1 779.33" 4.90"
T4 9.61° 153.76 65.40° 35.86 5 513.83° 3630 1 883.83" 11.06*
5 PR (F {E) Significance test (F value)
BHET 305.317 305.31" 465.89" 541.95 60.56" 81.00"
Tillage method
FE R34 432.69" 432.69" 0.29 456.02" 456.21" 625.00™
Straw returning
BHED SRR 2223 22.23" 52.81" 57.29" 57.31" 81.00"

Tillage method x

Straw returning

3.55%.2.15%~3.10%H1 6.74%~13.23%. 4k, B
ZRRESAA ET, BTF IR BRI 22 667 m?

BEINT Az AR 80 TG, T aER: HH X T I I A
MHER B AR R L, 2% 10 Bon: 55—k
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Table 10 Differences in economic indexes of tobacco leaves under different treatments in Tiantang test plot

A A A iy P 2 U7 NS i 111 IS SV € 1
Qb3 Single =& Yield/ Proportion of  Average Output Production  Production Production
Treatment leaf (kg/667 m?  superior—class price/ value/ cost/ profit/ efficiency
weight/g tobacco/(%) (O kg™ (U667 m) (JL/667 m?) (JL/667 m?) improvement/(%)
Tl 7.77° 124.27" 61.40" 37.38 4 645.21° 3550 1 095.21° 0°
T2 8.17° 130.77° 64.00" 37.55 491041" 3550 1 360.41° 24.21*
T3 8.08* 129.28¢ 68.00° 37.82 4 889.37" 3630 1259.37" 15.50"
T4 8.10" 129.60° 70.00° 37.96 4919.62 3630 1 289.62* 17.75%
BRI (F () Significance test (F value)
(RN 20.54° 20.54° 1 615407 57.16" 9.61° 9.52°
Tillage method
FE R34 H 64.90™ 64.90™ 241.26" 83.57" 83.58™ 91.52"
Straw returning
B SR RL I 32,56 32.56" 5.77 33.26" 33.26" 38.10"

Tillage method x

Straw returning
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