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Abstract: This study used the tobacco variety Yunyan 87 as the material and conducted a field experiment with a
three-factor three-level orthogonal design to investigate the effects of different sweet potato varieties, intercropping time,
and intercropping density on the economic traits, physical properties, and chemical composition of tobacco plants under
the intercropping of tobacco and sweet potatoes. The results showed that the economic traits, physical properties, and
chemical composition of the intercropped tobacco plants were slightly better than those of the control (tobacco
monoculture). Compared with the control, the yields, value, proportion of superior and medium tobacco leaves is
10.25%-20.42%, 0.58%- 1.31%, 2.48%-8.71%, and 2.91%-7.95% respectively; the leaf length, leaf width, leaf thickness,
leaf weight, and leaf weight of quality is 1.21%-2.27%, 1.54%-2.66%, 9.61%-14.0%, 2.26%-3.29%, and 6.20%-7.35%
respectively; total sugar, reducing sugar, total nitrogen, nicotine, and potassium ions is 1.07%-2.23%, 1.93%-2.34%,
0.69%-0.86%, 0.31%-0.60%, and 0.46%-0.64%, while chloride ions is 14.28% - 21.01% in the intercropped plants.
Although there were differences in the physical properties and chemical composition of the tobacco leaves under the
intercropping treatment, the tobacco leaves from different parts all met the standards of high-quality tobacco leaves.
Among them, the T5 treatment had the largest increase in yield (20.42%) and the proportion of superior leaves (7.52%).
Therefore, from an economic perspective, it is recommended to adopt the T5 treatment when intercropping tobacco and
sweet potatoes in Fuquan City.
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1 Introduction

Fuquan City of Guizhou Province has a long history of
tobacco cultivation, but the local area has been accus-
tomed to a single-tobacco cultivation model for a long
time, resulting in a low index of multiple planting in to-
bacco fields, land yield benefits and the comprehensive
benefits; Moreover, most tobacco growing areas have ex-
perienced a decline in soil quality, aggravated tobacco
pests and diseases, and reduced production and quality
due to long-term single cropping of tobacco; Furthermore,
under the policy of the central government emphasizing
agriculture and grain production, the contradiction be-
tween tobacco and grain for land use has become more
prominent. The rotation cropping of tobacco are very dif-
ficult, which severely restricts the development of the
local tobacco industry and also affects the sustainable de-
velopment of tobacco leaf production [5].

Relevant studies have shown that a reasonable inter-
cropping pattern can not only effectively increase the
multiple cropping index of tobacco fields and the utiliza-
tion efficiency of light, temperature and heat, thereby in-
creasing the yield per unit area of crops, effectively alle-
viating the land conflict between tobacco and grain, but
also effectively reduce the occurrence of diseases and im-
prove the coordination of chemical components of tobac-
co leaves [1, 3, 6]. Tobacco intercropping with other crops
can achieve good results and significant increase benefits
of the unit area with properly handled; If not handled
properly, it not only affects the yield and quality of to-
bacco leaves, but also affects the yield and quality of in-
tercropped crops [14]. The two modes of intercropping
sweet potatoes between individual plant in single-row
tobacco rack and on the tobacco ridge can increase the
proportion of medium and high tobacco, the economic
benefits per unit area, the multiple cropping index com-
pared with the single cropping of tobacco [2]. Tobac-
co-sweet potato intercropping has little impact on tobacco
quality, but it can increase the multiple planting index and
achieve higher economic benefits in tobacco fields [11].

Therefore, in view of the actual situation of land com-
petition between tobacco and food crops in the tobacco
production of Fuquan City, the author investigated the
effects of different planting periods, different varieties and
different sowing densities of sweet potatoes on the eco-
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nomic characteristics, physical properties and chemical
components of tobacco. The aim was to provide theoreti-
cal basis for effectively promoting the balanced develop-
ment of tobacco and food crops as well as the sustainable
and stable development of tobacco.

2 Materials and Methods

2.1 Experimental Location and Material

The experiment was conducted in Fuquan City, Gui-
zhou Province (107<1424" -107<45'35"E, 26<32'28" -
2702'23"N, altitude 1100 m) on April 2025. The field
was yellow soil, and a 10-year single cropping was im-
plemented for the plantation. The climate was subtropical
humid monsoon with the average yearly temperature
(16.1<C), precipitation (1431.1 mm) and sunshine (1253h),
respectively. The physical and chemical properties of the
test soil are as follows: pH value, organic matter, total
nitrogen, total phosphorus, available nitrogen, available
phosphorus and available potassium were respectively
6.79, 30.53g kg™, 1.76g kg™, 1.75 g kg™, 126.14 mg kg™,
23.63 mg kg™ and 306.15 mg kg™

The tested variety Yunyan 87 of flue-cured tobacco is
the main locally planted variety, with a planting density of
16500 plants/hm?.

2.2 Experimental Design and Sampling

The tobacco plants were transplanted on April 25, 2005,
and sweet potatoes were interplanted from June to July. The
tobacco was grown in single-row ridge cropping (row spac-
ing of 1.2 meters, plant spacing of 0.5 meters), while the
sweet potatoes were double-row transplanted on both sides
of the tobacco ridges (Figure 1A). The design was based on
three factors and three levels according to the orthogonal
design Ls* (Table 1), with factor A was the sweet potato va-
riety (Shangshu 19, Shangshu 26, and Yanshu 25), factor B
was the sweet potato sowing period (sowing on May 15,
May 30, and June 15), and factor C was the sowing density
(3300 plants/mu, 4400 plants/mu, 5500 plants/mu), and CK
was the tobacco single cropping (Figure 1B), a total of 10
treatments, with each treatment repeated 3 times.
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Table 1 Orthogonal design L33 for tobacco-sweet potatoes intercropping

Treatments A B C Treatments A B C
T1 Al Bl C1 T6 A2 B3 C1l
T2 Al B2 C2 T7 A3 Bl C3
T3 Al B3 C3 T8 A3 B2 C1l
T4 A2 B1 C2 T9 A3 B3 C2
T5 A2 B2 C3 T10 CK

’-’. 0, ..;.' iy

Figure 1 Schematic diagram of intercropping treatment and control field of tobacco

Fifteen representative plants with consistent growth
conditions and no pests and diseases were selected from
each planting area (after removing the top and base
leaves), and 14 tobacco leaves from top to bottom were
picked and baked respectively. After completion, the fol-
lowing measurements were taken:

(1) Economic characteristics: after the tobacco is ripe,
the tobacco leaves in each processing area are har-
vested and woven separately, and the yield is cal-
culated separately. After all tobacco leaves are
harvested and baked, they are classified according
to the Tobacco’ standard (GB 2635-1992), and the
production value is calculated based on the 2024
tobacco purchase price. The tobacco yield, propor-
tion of medium tobacco, and proportion of
high-grade tobacco are also counted [4].

(2) Physical characteristics, including length, width,
thickness, single leaf weight and heavy leaf texture,
according toSurvey and Measurement Methods for
Tobacco  Agronomic  Characteristics (YC/T
142-2010) [13].

(3) Chemical composition: After evaluating the physi-
cal properties, the tobacco sample is ground into
fine powder for analysis of chemical composition,
including total sugar, reducing sugar, total nitrogen,
nicotine, potassium ion, and chloride ion content,
according to the national standard for tobacco
GB/T 2635-1992, YC/T 159-2002, YC/T 161-2002,

YC/T 160-2002, YC/T 162-2002, YC/T 274-2008
[7].

2.3 Statistical Analyses

All data were organized using Microsoft Excel. The
significance (P<0.05) of the differences between the mean
values (3 replicates) of various indicators under different
treatment methods was evaluated using one-way analysis
of variance and least significant difference (LSD) test in
SPSS 25.0 (IBM, USA).

3 Results

3.1 Effects of Intercropping on Economic
Characteristics of Tobacco

Compared with CK, the yield per mu of T1-T9 treat-
ment is increased 15.65%, 17.37%, 11.38%, 15.58%,
20.42%, 20.28%, 13.96%, 10.25%, and 11.13%, respec-
tively. The value per mu is increased 0.67%, 0.91%,
0.58%, 0.68%, 1.05%, 1.30%, 0.53%, 1.31%, and 0.73%,
respectively. The proportion of high-quality tobacco is
increased 6.86%, 3.28%, 2.48%, 2.69%, 7.52%, 8.71%,
7.09%, 6.91%, and 3.14%, and the proportion of medi-
um-quality tobacco is increased 4.26%, 2.91%, 6.32%,
6.91%, 6.18%, 3.31%, 7.27%, 7.95%, and 5.94%, respec-
tively (Figure 2).
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Figure 2 Effects of intercropping on economic characteristics of tobacco

3.2 Effects of Intercropping on Physical
Characteristics of Tobacco

3.2.1 Effects of Intercropping on Length of
Tobacco Leaves

The leaf length of tobacco plants treated with T1-T9

at different leaf positions was mostly longer than that of
CK. Compared to CK in the T1-T9 treatments, the
range increased of the 1°-14™ leaf position is respec-
tively 0.18% - 2.65%, 1.31% - 3.54%, 0.97% - 3.06%,
0.41% - 0.98%, 0.10% - 2.05%, 0.03% - 3.27%, 1.10%
- 3.07%, 2.64% - 3.53%, 0.15% - 2.74%, 1.56% -
3.39%, 1.84% - 3.54%, 0.41% - 3.11%, 0.16% - 2.33%,
0.18% - 2.65% (Table 2).

Table 2 Effects of intercropping on length of tobacco leaves (Unit: cm)

The upper leaves

The middle leaves

Treatments The 1% leaf The 2" leaf  The 3" leaf The 4°" leaf The 5™ leaf The 6 leaf  The 7" leaf
T1 61.4743.24ab  63.53+.32a 65.6243.94a 65.3443.84a 66.2942.84a 67.6243.74a 67.9644.73a
T2 61.2242.25ab  62.40+2.45ab  64.8443.72ab  65.4744.27a 65.81+2.69b 65.6443.85b  66.7944.98ab
T3 62.7343.28a 63.1642.64ab 64.6242.73ab 65.2245.63a 65.7743.04b  66.3943.27ab 67.3345.11a
T4 62.6944.01a 62.9442.38ab  64.79+1.85ab  65.11+2.39a 66.6243.75a 66.58+2.85ab 66.96+3.85ab
T5 61.7242.47ab  63.7443.02a 65.8142.49a 65.4343.74a 66.9244.27a 67.7843.94a 67.99#4.14a
T6 61.4742.53ab 62.56143.51ab 64.76+.83ab 65.2343.48a 65.5643.73b  65.6444.02b  66.69+43.94ab
T7 62.48+2.32a 63.43+2.84a 64.6743.05ab 65.3144.26a 65.3644.02b 66.82+2.64a 67.4544.24a
T8 62.7342.67a 62.3743.04ab  64.85+2.64ab  65.23#4.19a 66.4843.50a 66.69+2.97ab 66.83+2.94ab
T9 62.5742.81a 62.4542.64ab  64.29+2.49ab  65.4843.82a 66.6343.64a 66.87#3.94ab 67.1143.25a
CK 61.1142.39ab 61.5642.73b 63.67+2.71b 64.8444.27b 65.2944.11b  65.6243.75b  65.9643.54b
High quality leaf ~ 50-60 65-75
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The middle leaves

The lower leaves

Treatments The 8" leaf  The 9 leaf  The 10" leaf The 11%"leaf The 12 leaf  The 13" leaf  The 14" leaf
T1 67.4143.84a 66.13#4.25ab 65.2643.74ab 64.5843.59ab  63.6344.28ab  62.7943.69ab  61.4743.46b
T2 67.4343.21a 67.184#3.67a 66.23#3.89a 64.3644.35ab  63.2744.37ab  62.1845.03ab  61.22+2.31b
T3 67.1644.43a 67.6243.28a 66.4334.37a  65.3243.57a 64.3844.42a 63.3244.75a 62.7342.83a
T4 67.254.72a 67.56x2.47a 66.5844.28a  65.1443.26a 64.5944.37a 63.2743.28a 62.6942.56a
T5 67.7442.84a 66.5343.83ab 65.2643.28ab 64.5644.47ab  62.8543.83ab  62.8844.34ab  61.7243.19b
T6 67.56+2.96a 67.2843.59a 66.37+2.57a 64.9444.32ab  63.7243.91ab  62.81#3.75ab  61.4743.43b
T7 67.3543.95a 67.7544.26a 66.6313.26a 65.6343.94a 64.7543.57a 63.4244.27a 62.4842.85a
T8 67.2743.75a 67.65*2.79a 66.8243.39a  65.4243.85a 64.8342.59a 63.2644.31a 62.7343.57a
T9 67.3644.26a 67.8443.68a 66.3143.48a 65.5744.36a 64.7243.58a 63.6343.58a 62.5743.65a
CK 65.4344.84b  66.0344.37ab 64.26#4.25a 63.3643.42b 62.6342.96b 62.1844.35ab  61.11+42.49b
High quality leaf ~ 65-75 55-65

From the average values of all leaf positions, the ranking
of leaf length increase rate in T1-T9 treatment compared to
CK is as follows: T7 (2.27%) > T9 (2.25%) > T8 (2.22%) >
T4 (2.18%) > T3 (2.12%) > T5 (1.98%) > T1 (1.77%) > T6
(1.43%) > T2 (1.21%); In addition, the average upper leaf
length (62.79-64.17cm), middle leaf length
(65.43-67.03cm), and lower leaf length (62.32-64.12cm) of
T1-T9 treatment all met the standards for high-quality to-
bacco leaves (upper leaf length 50-60cm, middle leaf
length 65-75cm, lower leaf length 55-65¢cm).

3.2.2 Effects of Intercropping on Width of
Tobacco Leaves

Compared to CK in the T1-T9 treatments, the range in-
creased of the 15-14™ leaf position is respectively 0.66% -

3.05%, 0.44% - 2.88%, 1.05% - 3.33%, 0.77% - 2.83%,
1.03% - 2.12%, 0.57% - 3.63%, 1.11% - 4.78%, 0.81% -
3.35%, 3.81% - 5.96%, 0.42% - 2.76%, 2.53% - 4.56%,
0.46% - 1.58%, 1.53% - 3.43%, 0.83% - 3.88% (Table 3).

From the average values of all leaf positions, the
ranking of leaf width increase rate in T1-T9 treatment
compared to CK is as follows: T7 (2.66%) > T5 (2.52%) >
T3 (2.49%) > T1 (2.39%) > T6 (2.31%) > T4 (1.99%) >
T9 (1.98%) > T8 (1.93%) > T2 (1.54%). In addition, only
the average upper leaf width (18.29-18.68cm) of T1-T9
treatment met the standard for high-quality tobacco leaves
(upper leaf width 16-22cm), while the average middle leaf
width  (19.53-20.17cm) and lower leaf width
(19.31-19.47cm) did not meet the standard for
high-quality tobacco leaves (middle leaf width 23-30cm,
lower leaf width 25-35cm).

Table 3 Effects of intercropping on width of tobacco leaves (Unit: cm)

Treatments

The upper leaves

The middle leaves

The 1% leaf The 2" leaf  The 3" leaf The 4% |eaf The 5% leaf The 6" leaf  The 7°" leaf
T1 18.23+1.45a 18.29+.47a  18.6443.12a 18.83+2.34a 19.0443.48a 19.3343.58a 19.9543.58a
T2 18.34+1.62a 18.46+2.39a 18.5243.27a 18.66+2.48ab 18.9543.26a 19.0643.82ab  19.4443.53a
T3 18.45+1.23a 18.47+.24a 18.68+2.38a 18.85+1.74a 19.1143.59a 19.3643.27a 19.9243.28a
T4 18.48+2.32a 18.55+.68a  18.79%2.46a 18.96+2.63a 19.0543.75a 19.38+2.83a 19.4743.93a
T5 18.66+1.84a 18.36#1.37a  18.89#1.93a 18.99+1.96a 19.1443.54a 19.45+1 .46a 19.88+2.83a
T6 18.52+1.63a 18.56+1.38a  18.82+2.46a 18.96+2.49a 19.1543.94a 19.52+1.66a 19.82+2.94a
T7 18.28+2.26a 18.73+1.56a 18.93%2.13a 19.0343.16a 19.12+2.75a 19.64+2.48a 20.12+H.74a
T8 18.37+2.73a 18.62+2.17a  18.57+1.84a 18.7643.26a 18.9743.18a 19.2143.25ab  19.42+42.37a
T9 18.67+1.73a 18.68+2.48a  18.54+1.85a 18.89+2.93a 19.03x2.57a 19.2743.02ab  19.5643.15a
CK 18.11+1.29a 18.21+.57a  18.33%2.26a 18.5243.25ab  18.76+2.84ab 18.9543.56b 19.21+.47a
High quality leaf 16-22 23-30

Treatments

The middle leaves

The lower leaves

The 8" leaf  The 9 leaf The 10" leaf  The 11" leaf The 12 leaf The 13" leaf  The 14°" leaf
T1 20.3343.85a 21.05#4.73a 21.33#4.38a 20.42+44.38a 19.83+2.57a 19.2144.38a 18.3+2.37a
T2 19.8343.56ab  20.63#3.64ab 21.1445.03a 20.2644.92a 19.6543.92a 19.3544.26a 18.24+2.48a
T3 20.03+2.78a 21.0543.58a 21.5645.27a 20.37#4.45a 19.7843.54a 19.2443.62a 18.1943.27a
T4 19.85#2.47ab  20.6343.47ab 20.84+44.83 20.2244.47a 19.6943.84a 19.5743.33a 18.2243.31a
T5 20.1743.69a 21.05#4.02a 21.3243.95a 20.3543.97a 19.38+2.75a 19.2943.49a 18.19+2.57a
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Treatments The middle leaves The lower leaves

The 8" leaf  The 9" leaf The 10" leaf  The11%"leaf The 12" leaf The 13" leaf The 14%" leaf
T6 20.144.02a 20.6313.63b  20.8442.64ab  20.2643.75a 19.7244.27a 19.4444.21a 18.2342.83a
T7 20.2343.79a  21.05#3.49a 21.1644.96a 20.5345.16a 19.4543.84a 19.2142.57a 18.0443.48ab
T8 19.7843.57ab  20.63#4.24b  20.9244.63ab  20.6244.37a 19.7443.35a 19.3644.38a 18.59+44.27a
T9 19.8942.48ab  20.63#3.27ab 20.8844.38ab  20.3945.55a 19.8242.25a 19.3543.65a 18.1142.54ab
CK 19.6743.75ab  19.8742.84b  20.75#4.73ab  19.7243.67ab  19.4744.37a 18.9243.67ab  17.8942.85ab
High quality leaf 23-30 25-35

3.2.3 Effects of Intercropping on Thickness of
Tobacco Leaves

Compared with CK in the T1-T9 treatments, the range
increased of the 1%-14" leaf position is respectively 9.52%
- 23.8%, .26% - 15.78%, 5.55% - 16.6%, 5.26% - 10.5%,
0% - 11.7%, 5.88% - 11.76%, 0.6% - 13.12%, 6.87% -
23.52%, 0% - 12.5%, 0% - 20%, 7.14% - 28.57%, 13.37%
- 22.35%, 8.33% - 33.33%, 11.11% - 33.33% (Table 4).

From the average values of all leaf positions, the rank-

ing of leaf thickness reduction rate in T1-T9 treatment
compared to CK is as follows: T4 = T5 = T6 (14.0%) >
T2 (14.02%) > T9 = T3 (12.25%) > T1 = T8 (10.05%) >
T7 (9.61%). In addition, the average values of upper leaf
thickness  (326-330um), middle leaf thickness
(284-292um), and lower leaf thickness (241-267um)
treated with T1-T9 met the standards for high-quality to-
bacco leaves (upper leaf thickness of 300-350 um, middle
leaf thickness of 270-330um, and lower leaf thickness of
220-280um).

Table 4 Effects of intercropping on thickness of tobacco leaves (Unit: mm)

Treaments

The upper leaves

The middle leaves

The 1% leaf The 2" leaf  The 3" leaf The 4°" [eaf The 5" leaf The 6 leaf  The 7" leaf
T1 0.33#4).13a 0.33#).16a 0.324).15a 0.324).21a 0.3040.23a 0.3040.19a 0.294).17a
T2 0.3240.11a 0.3340.16a 0.3240.21a 0.3140.18a 0.3040.25a 0.2940.17a 0.2940.33a
T3 0.3140.09ab 0.3240.17a 0.3240.17a 0.3240.22a 0.2840.18a 0.2740.16ab 0.2840.28a
T4 0.3240.13a 0.3240.16a 0.3340.16a 0.334).18a 0.2940.19a 0.2940.14a 0.2840.19a
T5 0.33#0).14a 0.3240.09a 0.3340.14a 0.33#).11a 0.2740.24ab 0.2840.11ab 0.2840.21a
T6 0.334).08a 0.32#).15a 0.33#).22a 0.334).08a 0.2840.17ab 0.2940.09a 0.284).17a
T7 0.33#).12a 0.32#0.11a 0.324).09a 0.334).14a 0.3040.15a 0.2740.13ab 0.294).11a
T8 0.324).07a 0.334).09a 0.324).18a 0.334).18a 0.2940.16a 0.2840.15ab 0.294).16a
T9 0.324).17a 0.324).13a 0.33#).18a 0.33#).16a 0.3040.19a 0.2940.15a 0.2940.15a
CK 0.3440.15a 0.3340.15a 0.3440.15a 0.33#).15a 0.3240.15a 0.3240.16a 0.3140.09a
High quality leaf 0.30-0.35 0.27-0.33

Treaments

The middle leaves

The lower leaves

The 8" leaf  The9™"leaf The10™leaf  The11®'leaf The 12" leaf  The 13" leaf  The 14%" leaf

T1 0.2940.13a 0.2840.09a 0.2740.11a 0.2540.09a 0.2440.16a 0.2440.09a 0.2440.09a
T2 0.2940.16a 0.2940.12a 0.2940.12a 0.2540.10a 0.2440.13a 0.2340.10ab 0.2540).11a
T3 0.294).18a 0.2840.13a 0.2740.13a 0.254).11a 0.2440.15a 0.2440.09a 0.2440.09a
T4 0.294).11a 0.2940.08a 0.2840).14a 0.2540.19a 0.2440.13a 0.2540).08a 0.23#).12a
T5 0.294).12a 0.2940.09a 0.2840.13a 0.254).16a 0.254).14a 0.2440.11a 0.254).07a
T6 0.294).13a 0.2940.11a 0.2740.21a 0.254).21a 0.2440.11a 0.2440.12a 0.2440.12a
T7 0.2840.14a 0.2940.12a 0.2840.18a 0.2640.22a 0.2540.10a 0.2340.10a 0.2340).11a
T8 0.2840.13a 0.2940.14a 0.2840.19a 0.2640).17a 0.2440.14a 0.2440.12a 0.2440.10a
T9 0.2840.12a 0.2840.15a 0.2940.1a 0.2640.14a 0.2540.16a 0.2340.16ab 0.2440.09a
CK 0.31#40.15a 0.3140.12a 0.3040.12a 0.2740.13a 0.2740.18a 0.2640.09a 0.2640.09a
High quality leaf 0.27-0.33 0.22-0.28
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3.2.4 Effects of Intercropping on Weigth of
Tobacco Leaves

Compared to CK in the T1-T9 treatments, the range in-

creased of the 19-14™ leaf position is respectively 1.21% -
3.57%, 1.71% - 3.57%, 1.15% - 4.38%, 0.40% - 1.29%,
0.92% - 3.53%, 1.97% - 3.20%, 1.54% - 4.29%, 1.06% -
4.09%, 1.63% - 3.54%, 2.13% - 5.39%, .10% - 7.63%,
2.43% - 4.52%, 1.90% -4.69%, 1.93% - 7.17% (Table 5).

Table 5 Effects of intercropping on weigth of tobacco leaves (Unit: g)

Treaments

The upper leaves

The middle leaves

The 1% leaf  The2™leaf  The 3™ leaf The 4" leaf ~ The 5% leaf The 6" leaf ~ The 7" leaf

T1 13.3644.56a 13.4743.54a 12.53#4.27a 12.23+2.57a 12.1843.33ab 11.8443.59a 11.2443.34ab
T2 13.64+3.92a 13.2143.98a 12.5944.38a 12.1542.48a 12.0443.47ab 11.7743.47a 11.1443.54b
T3 13.53+2.78a 13.38+2.87a 12.4744.92a 12.2342.53a 12.3343.58a 11.8143.48a 11.2843.37ab
T4 13.5444.56a 13.27+2.55a 12.68+2.84a 12.2943.58a 11.9944.26b 11.7944.32a 11.2543.96ab
T5 13.6443.26a 13.3643.42a  12.5243.28a 12.2943.46a 12.1543.91ab 11.9245.18a 11.4643.17ab
T6 13.4844.32a 13.2545.32a  12.2543.58a 12.1844.25a 12.2842.73a 11.8644.38a 11.34+42.38ab
T7 13.3943.94a 13.4444.38a 12.4244.21a 12.2644.34a 12.09+2.35ab 11.7643.26a 11.33#2.57ab
T8 13.6542.65a 13.4843.92a 12.2643.75a 12.2443.98a 11.8844.15b 11.9242.75a 11.2743.25ab
T9 13.3343.59a 13.4644.29a 12.4443.28a 12.2143.67a 12.2743.37a 11.8943.28a 11.36+44.45ab
CK 13.83#4.27a 13.7143.73a  12.8343.64a 12.3443.47a 12.4542.84a 12.1643.16a 11.64+2.97a
High quality leaf 9-12 7-11

Treaments

The middle leaves

The lower leaves

The 8" leaf  The 9" leaf The10"leaf  Thel11®leaf The12*"leaf The 13" leaf The 14% leaf

T1 10.8343.19a 10.2343.27a  9.3843.28a 8.40+2.47ab 8.2342.38a 7.60%2.58a 6.85+1.89ab
T2 10.9343.26a 10.3743.34a  9.3743.16a 8.6643.28ab 8.24x2.47a 7.5842.48a 6.88+2.26ab
T3 10.7943.33a 10.23+2.78a  9.34%2.64a 8.35#42.65ab 8.3343.28a 7.6343.26a 6.9142.25a
T4 10.8243.13a 10.4442.49a 9.4242.8la 8.6443.25ab 8.2743.47a 7.53+1.48a 6.76+2.85ab
T5 10.77+2.98a 10.2243.15a 9.43H1.73a 8.5543.47ab 8.41H+1.79a 7.6542.36a 6.7342.01ab
T6 10.84+2.68a 10.2943.34a  9.4442.36a 8.72+1.94ab 8.3743.02a 7.51H+.94a 6.9142.37a
T7 11.11+1.90a 10.32+22.94a 9.6343.46a 8.44+2 75ab 8.2842.58a 7.6742.46a 6.84+1.74ab
T8 10.9343.45a 10.41+.48a 9.4543.81a 8.76+2.49ab 8.4242.46a 7.5543.42a 6.9642.25a
T9 11.0342.94a 10.27#2.67a 9.5642.95a 8.9443.15a 8.3543.13a 7.7343.22a 7.11+1.64a
CK 11.2342.58a 10.62+2.35a  9.8243.13a 9.04+2.84a 8.6242.86a 7.88+1.67a 7.25%2.21a
High quality leaf 7-11 6-8

From the average values of all leaf positions, the
ranking of single leaf weight reduction rate in T1-T9
treatment compared to CK is as follows: T1 (3.29%) >
T2 (3.14%) > T3 (3.13%) > T4 (3.08%) > T6 (3.06%) >
T7 (2.89%) > T5 (2.81%) > T8 (2.76%) > T9 (2.26%). In
addition, the average single leaf weight of the middle
leaves (9.37-11.32g) and lower leaves (6.85-7.92Q)
treated with T1-T9 met the standards for high-quality
tobacco leaves (single leaf weight of the upper leaves
9-12g, single leaf weight of the middle leaves 7-11g, and
single leaf weight of the lower leaves 6-8 g); However,
the average weight per leaf of the upper leaves
(12.15-12.90g) exceeded the standard for high-quality

tobacco leaves (9-129).

3.2.5 Effects of Intercropping on Heavy Leaf
Texture of Tobacco Leaves

Compared to CK in the T1-T9 treatments, the range
reduced of the 1°-14™ leaf position is respectively 2.92% -
4.59%, 3.85% - 5.34%, 4.21% - 5.57%, 4.78% - 10.52%,
2.42% - 3.77%, 3.65% - 7.81%, 8.50% - 14.7%, .43% -
11.9%, 6.94% - 10.29%, 7.5% - 9.09%, 3.39% - 6.67%,
2.92% - 8.28%, 5.28% - 15.22%, 5.62% - 9.33% (Table
6).
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Table 6 Effects of intercropping on heavy leaf texture of tobacco leaves (Unit: g/m?)

The upper leaves

The middle leaves

Treaments The1%leaf  The2™leaf  The 3™ leaf The 4*" leaf ~ The 5*" leaf The 6" leaf ~ The 7" leaf
T1 87.18+16.37 85.37422.24 82.34422.15 78.16421.46 73.47419.43 66.55421.34 61.73+18.32
T2 87.924+13.42 86.52+18.37 83.27#21.32 80.38426.82 73.354+10.36 67.64422.32 60.33+19.46
T3 87.344+15.46 86.64+17.45 82.91#19.18 78.16422.32 74.47H14.32 69.554+9.27 64.73422.26
T4 87.48+16.35 86.55+11.83 83.16420.22 77.38425.45 74.35416.53 68.64+18.54 63.33423.32
T5 86.924+12.26 86.72+16.27 82.88426.47 79.16422.27 73.47H14.47 67.554+19.38 64.73424.37
T6 87.92+13.89 86.684+18.46 83.42422.64 82.38421.34 72.35416.34 67.64+14.43 60.33421.34
T7 88.461+14.63 86.54422.24 83.52420.73 78.16425.42 72.47423.27 67.55+13.28 61.73420.56
T8 87.84410.21 86.62420.21 83.34+18.94 78.38428.36 71.35422.54 68.64+17.46 62.33419.42
T9 88.03+11.52 86.59H7.37 83.22421.06 79.54422.33 71.3342.23 69.454+15.54 63.774+18.36
CK 91.15H2.74 90.23#5.55 87.19#18.45 86.54428.42 76.33+16.64 72.18420.87 70.7740.43
High quality leaf 80-100 70-90

The middle leaves

The lower leaves

Treaments The 8" leaf  The9"leaf The10™leaf  The11%"leaf The12™leaf The13™leaf  The 14°" leaf
T1 65.39415.43 62.534+16.45 61.28420.32 58.16410.43 52.28423.26 44.34415.45 41.9248.57
T2 66.44416.52 63.584+14.32 61.61415.24 57.67+11.36 54.18422.33 43.24+13.32 41.3949.58
T3 67.39+14.67 62.67+16.36 60.36416.25 56.78+12.13 52.47423.34 45.26+16.26 40.96+11.46
T4 66.44415.46 63.544+18.26 61.42+17.43 58.354+11.32 51.18+18.65 46.24+15.43 40.25+12.37
T5 68.394+13.38 62.47+6.37 61.28415.36 56.33+10.36 52.28+16.47 41.37+10.28 41.22+11.64
T6 66.44415.29 63.434+16.43 60.57+16.47 57.2849.57 54.25418.56 42.2449.78 42.394+10.38
T7 64.39417.34 62.53#7.45 60.45+14.36 56.16410.43 52.28416.75 42.11+12.34 41.9249.43
T8 66.444+13.54 62.44418.27 60.61+15.54 57.39+14.64 53.184+15.54 44.2448.28 41.3948.39
T9 65.09+14.33 61.2649.26  60.23+13.32 56.234+12.27 51.824+14.55 45.83+10.36 40.45+10.65
CK 73.1142.23 68.43#+15.33 66.23#+11.23 60.234+15.36 55.82416.38 48.83+11.54 44.45+11.23
High quality leaf 70-90 60-70

From the average values of all leaf positions, the
ranking of leaf mass reduction rate in T1-T9 treatment
compared to CK is as follows: T7 (7.35%) > T1
(7.10%) > T9 (6.89%) > T8 (6.75%) > T5 (6.69%) > T6
(6.43%) > T2 (6.41%) > T4 (6.34%) > T3 (6.20%). In
addition, only the average weight of upper leaves
(83.76-85.1g/m?) treated with T1-T9 met the standard
for high-quality tobacco leaves (upper leaf weight
80-100g/m?); However, the average values of leaf mass
in the middle (65.15-66.52g/m?) and lower
(47.81-49.17g/m?) did not meet the standards for
high-quality tobacco leaves (middle leaf mass
70-90g/m?, lower leaf mass 60-70g/m?).
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3.3 Effects of Intercropping on Chemical
Composition of Tobacco

3.3.1 Effects of Intercropping on Total Sugar
Content of Tobacco

Compared to CK in the T1-T9 treatments, the range in-
creased of the 114" leaf position is 0.76% - 4.33%,
2.42% - 4.66%, 1.5% - 3.95%, 2.60% - 5.47%, 2.25% -
5.34%, 1.16% - 4.58%, 1.68% - 3.72, 0.46% - 1.65%,
2.07% - -0.53%, 0.84% - 0.26%, 0.20% - 2.37%, 1.16% -
4.58%, 0.66% - 1.29%, 0.08% - 0.43%, respectively (Fig-
ure 3).
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Figure 3 Effects of intercropping on total sugar content of tobacco

From the average values of all leaf positions, the rank- - 3.17%, 2.83% - 3.85%, 1.63% - 2.63%, 1.60% - 2.35%,
ing of the total sugar content increase rate in T1-T9 treat-  2.73% - 3.27%, 1.59% - 2.28%, 1.31% - 2.21%, 6.07% -
ment compared to CK is as follows: T6 (2.23%) > T3 7.49%, 6.7% - 7.48%, 4.35% - 5.28%, 3.32% - 5.04%,
(1.91%) > T1 (1.58%) > T8 (1.36%) > T9 (1.31%) > T2  3.03% - 3.99%, 2.75% - 3.62%, 1.42% - 2.37% (Figure
(1.30%) > T4 (1.25%) > T7 (1.22%) > T5 (1.07%). 4).

From the average values of all leaf positions, the rank-

3.3.2 Effects of Intercropping on Reducing ing of the reduction rate of reducing sugar content in
Sugar Content of Tobacco T1-T9 treatment compared to CK is as follows: T2
(2.34%) > T7 (2.31%) > T4 (2.30%) > T1 (2.09%) > T5

Compared to CK in the T1-T9 treatments, the range  (2.07%) > T8 (2.06%) > T3 (2.05%) > T9 (1.96%) > T6
decreased of the 1°-14" leaf position is respectively 2.13% (1.93%).
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Figure 4 Effects of intercropping on reducing sugar content of tobacco

3.3.3 Effects of Intercropping on Total Nitrogen Content of Tobacco

Compared with CK in the T1-T9 treatment, the range increased of the 1%-14™ leaf position is respectively 3.13% -
9.0%, 4.59% - 6.5%, 8.36% - 10.26%, 9.52% - 11.9%, 10.37% - 14.52%, 8.08% - 11.06%, 7.48% - 14.09%, 8.18% -
13.63%, 7.14% - 12.38%, 5.79% - 11.11%, 2.43% - 6.34%, 2.85% - 5.71%, 2.05% - 12.82%, 2.63% - 6.84% (Figure 5).
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Figure 5 Effects of intercropping on total nitrogen content of tobacco

From the average values of all leaf positions, the rank-
ing of the increase rate of total nitrogen content in T1-T9
treatment compared to CK is as follows: T4 (0.86%) > T6
(0.82%) > T8 (0.81%) > T9 (0.78%) > T1 (0.77%) > T3
(0.76%) > T2 (0.74%) > T7 (0.72%) > T5 (0.69%).

3.3.4 Effects of Intercropping on Nicotine
Content of Tobacco

Compared to CK in the T1-T9 treatment, the range in-
creased of the 1%-14" leaf position is respectively 2.60% -
5.65%, 0-4.34%, 1.3% - 6.0%, 1.36% - 6.36%, 2.38% -
5.91%, 1.42% - 3.8%, 4.27% - 10.69%, 6.11% - 11.11%,
4.70% - 13.52%, 3.02% - 8.45%, 3.04% - 6.70%, .36% -
5.62%, 1.91% - 3.18%, 1.31% - 5.27% (Figure 6).

From the average values of all leaf positions, the rank-
ing of nicotine content increase rate in T1-T9 treatment
compared to CK is as follows: T3 (0.60%) > T2 (0.54%) >
T1 (0.52%) > T4 (0.47%) > T5 (0.46%) > T6 (0.44%) >
T8 (0.42%) > T7 (0.41%) > T9 (0.31%).

3.3.5 Effects of Intercropping on K* Content of
Tobacco

Compared with CK in the T1-T9 treatment, the range
increased of the 1°-14™ leaf position is respectively 3.33%
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- 7.61%, 5.23% - 6.66%, 1.73% - 6.19%, 4.76% - 7.61%,
5.71% - 8.57%, 7.89% - 13.15%, 2.03% - 6.59%, 4.21% -
7.36%, 3.82% - 6.01%, 6.34% - 11.11%, 4.14% - 8.29%,
2.71% - 7.1%, 3.95% - 7.90%, 1.70% - 7.38% (Figure 7).

From the average values of all leaf positions, the rank-
ing of potassium content increase rate in T1-T9 treatment
compared to CK is as follows: T4 (0.64%) > T1 (0.61%) >
T3 (0.60%) > T2 (0.59%) > T6 (0.57%) > T5 (0.56%) >
T7 (0.53%) > T8 (0.52%) > T9 (0.46%).

3.3.6 Effects of Intercropping on CI” Content of
Tobacco

Compared to CK in the T1-T9 treatment, the range in-
creased of the 1%-14™ leaf position is respectively 12.16%
- 35.13%, 3.18% - 30.43%, 9.45% - 17.56%, 8.86%
-13.92%, 9.41% - 16.47%, 8.39% - 24.13%, 11.23% -
19.10%, 10.86% - 19.56%, 5.95% - 19.04%, 7.22% -
27.71%, 9.75% - 34.14%, 7.14% - 25.01%, 11.11% -
22.22%, 16.32% -23.46% (Figure 8).
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Figure 6 Effects of intercropping on nicotine content of tobacco
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Figure 7 Effects of intercropping on K* content of tobacco

From the average values of all leaf positions, the rank-
ing of chlorine content reduction rate in T1-T9 treatment
compared to CK is as follows: T9 (21.01%) > T6
(19.04%) > T8 (18.87%) > T5 (17.51%) > T7 (17.43%) >
T4 (15.81%) > T1 (15.56%) > T2 (15.47%) > T3
(14.28%).

4 Discussion

In terms of cultivation theory, tobacco and sweet potato
are both potassium-loving crops, which are not suitable

for intercropping and avoid to affecting the quality of to-
bacco. But this study results show that the tobacco-sweet
potato intercropping can improve the economic character-
istics of tobacco plants. Among them, compared to CK,
the increase in mu output is 10.25-17.37%, the output
value per mu is 0.58-1.31%, the proportion of high and
medium quality is 2.48-8.71% and 2.91-7.95%, which is
consistent with the conclusion that "the tobacco-sweet
potatoes intercropping can increase the proportion of high
and medium quality of tobacco as compared with the sin-
gle cropping tobacco” [10].
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Figure 8 Effects of intercropping on CI™ content of tobacco

Tobacco-sweet potato intercropping promotes the yel-
lowing maturity and improves the maturity of tobacco
leaves. Judging from the physical characteristics of to-
bacco leaves after baking, the leaf length and thickness of
different leaf positions, the width of the upper leaf and the
leaf weight of the upper leaf, the weight of the single leaf
in the middle leaf and the single leaf weight of the lower
leaf meet the standard of high-quality tobacco leaves, in-
dicating that the sweet potato set of tobacco plants has a
certain impact on the single-leaf weight of the upper to-
bacco leaves, which is consistent with the conclusion that
"the yield of upper tobacco leaves will decrease slightly"
[12, 13].

Under different treatments, there are certain differ-
ences in the chemical composition of tobacco after bak-
ing. Among them, the reducing sugar of the middle and
lower tobacco leaves is lower than that of CK. However,
on the whole, the quality of tobacco-sweet potato inter-
cropping is improved compared with the single cropping
of tobacco (CK), which is consistent with the conclusion
that "the yield of upper tobacco leaves will decrease
slightly" [2].

The results of the study showed that the T5 treatment
was the best on promoting the yellowing maturity, im-
proving the physical characteristics and coordinating the
content of chemical components in tobacco leaves, which
was consistent with the conclusion that "the effect of in-
tercropping sweet potatoes after 25-40 days of transplant
tobacco was better" [8], but the results of the study
showed that it was appropriate to intercropping sweet po-
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tatoes with tobacco in early July [9].

5 Conclusion

Compared with the CK, the economic characteristics,
physical characteristics and chemical composition of to-
bacco-sweet potato intercropping are slightly better than
CK; among them, the yield per mu, output value of each
mu and the proportion of high-quality tobacco of T5
treatment is the highest. Therefore, from the perspective
of economic characteristics, it is recommended to carry
out T5 treatment of tobacco-sweet potato intercropping in
Fuguan City.
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