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Effects of Planting Density and Nitrogen Fertilization Amount on Tissue
Structure of Middle Leaves in Flue-cured Tobacco
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Abstract: To investigate the interaction effects of different planting density and nitrogen (N) application amount on tobacco leaf
development and tissue structures, a split-plot field experiment with three different planting densities (main district) and two different
N application amounts (deputy district) was carried out using the cultivar NC102. Through paraffin section method, the tissue
structure of middle leaves with different leaf ages (10, 20, 40 and 73 d) were observed. The results showed that leaf thickness,
palisade tissue thickness, spongy tissue thickness and leaf area increased with leaf aging, but palisade cell density decreased. Leaf
thickness, palisade tissue thickness, spongy tissue thickness, leaf area and specific leaf weight increased but palisade cell density
decreased with the decrease of planting density and increased N application rate. The action time of N application amount on
palisade cell density was earlier than that of planting density, while the timing of effects of these two treatments was the opposite
for palisade tissue thickness. There was a positive interaction between low planting density and high N application amount on leaf
thickness, palisade tissue thickness, ratio of palisade tissue thickness and spongy tissue thickness, leaf area and specific leaf weight
when leaf age was 73 d. The increase of N application amount showed more significant impact under lower planting densities.
Adopting appropriate planting density and N application amount and taking advantage of their interaction could improve tissue

structures of middle leaves and ultimately improve the quality of tobacco under proper yield
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Table 1 The change of middle leaves tissue structures with different leaf ages
/
Upper . . . The ratio of palisade ) )
eaf Pal ‘mm’! fic leaf
Leaf thickness/  epidermal 2 1s'ade tissue Spor'lgy tissue tissue thickness and ( ) Leaf area/ cm? SPGCI 1¢ lea
age/d . thickness/ thickness/ . Palisade cell weight(SLW)/
pm thickness/ spongy tissue . >
um um um thickness density/(number-mm") (mg-em™)
10 181.87£10.43¢c 26.62+1.98b 62.80+3.21c 91.98+9.22b 0.68+0.06a 53.61+2.40a 590.74+52.33b 6.20+0.29¢
20 223.5546.15b  29.22+2.14a 76.08+5.03b 112.99+5.40a 0.68+0.03a 45.74+3.19b 660.26+72.77b 9.75+0.74a
40  230.88+9.25ab  28.89+1.70a 81.60+4.99ab 120.19+8.31a 0.68+0.02a 45.03+2.59b 958.82+89.02a 8.19+0.48b
73 243.21+10.88a 29.30+1.67a 86.70+6.98a 122.74+4.53a 0.71+0.05a 41.02+4.58b 10.49+0.71a
0.05 2 40d 73d

Note: Values followed by different lowercase letters are significantly different among treatments at 0.05 level, the same as in Table 2. The length of leaves was
fixed at 40 d. Middle leaves of different treatments harvested at 73 d concurrently.
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Table 2  Effects of planting density on middle leaf tissue structures at different leaf ages
/
. Palisade . The ratio of palisade o .

Leaf Leaf thickness/ Uppe.r cpidermal tissue Spopgy tissue tissue thickness and ( . mm) Leaf area/ Spemﬁc leaf
age/d Treatment thickness/ . thickness/ . Palisade cell ) weight(SLW)/

pm um thickness/ um spongy tissue densitvii ber-mm! cm (mg-om?)

um thickness ensity/( number-mm)

10 Al 188.09+3.63a  26.36+1.95a  63.22+3.83a  97.80+1.52a 0.65+0.05b 54.69+1.97a 618.62+38.08a  6.41+0.20a

A2 180.17+2.82b  26.44+2.73a  63.00+£3.33a  92.57+2.94b 0.68+0.04b 53.48+2.79a 586.67+22.91ab 6.26+0.11a

A3 181.35+2.14b  27.05+1.31a  62.20+2.91a 85.58+1.77¢ 0.74+0.03a 52.67+4.07a 566.95+£22.01b  5.94+0.15b

20 Al 229.91£2.10a  29.07+£2.09a  79.55+3.35a 117.44+2.59a 0.68+0.03a 43.58+3.22b 838.25+53.41a 10.22+0.11a

A2 225.62+2.69a  29.29+1.28a  79.43+3.82a 115.44+391a 0.69+0.03a 45.45+4.05ab 807.87+58.09a  9.96+0.19b

A3 219.13£2.39b  29.32+1.55a  71.17+4.17b 108.60+4.04b 0.66+0.02a 48.30+2.02a 744.18+31.34b  9.07+0.28¢c

40 Al 238.17+8.55a 28.86+1.43ab  82.27+3.80a 126.60+3.71a 0.66+0.02a 42.09+3.05b 1030.19+£26.72a 8.65+0.15a

A2 236.17+6.26a  29.48+0.79a  84.28+5.49a 122.83+4.89a 0.69+0.02a 45.45+1.42a 973.73+£28.97b 8.31+0.13b

A3 222.7142.94b  28.33£0.63b  77.08+2.62b 113.13+2.38b 0.68+0.02a 47.57£2.59a 877.54+19.22b  7.63+0.18c

73 Al 247.39+6.06a  29.57+0.92a  89.56+2.00a 125.83+3.58a 0.71+0.05a 38.24+1.16b 11.21£0.16a
A2 243.3444.27ab 28.88+1.28a 86.20+2.26ab 123.82+2.37a 0.70+0.03a 41.30+1.44a 10.23+£0.11b

A3 238.70+2.78b  29.01x1.71a  84.35+3.18b 116.56+3.06b 0.72+0.02a 42.3042.99a 10.04+0.26b
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Table 3 Effects of N application amount on middle leaf tissue structures at different leaf ages
/
The ratio of pali ‘mm’!
Leaf Leaf thickness/ Iijdm:; | Palisade tissue ~ Spongy tissue " erattlhoioknp @ 1521:(;3 ¢ ) ) Leaf arca/ Specific leaf
age/d Treatment cat tiekness ep' erma thickness/ thickness/ ssue thie 'ess 2 Palisade cell catare weight(SLW)/
um thickness/ spongy tissue density/ cm? 5
pm pm . (mg-cn?)
um thickness ( number-mm-")
10 B1 191.71+£4.00 26.66+2.22 64.30+2.39 98.01+4.37 0.66+0.03 55.22+1.72 628.72+32.77 6.26+0.24
B2 174.70£3.16*  26.57+1.84 61.30+3.33 85.96+3.36* 0.71£0.02* 51.99+£3.22*  552.77+17.28*  6.14+0.20
20 B1 227.43+2.10 29.254+3.72 77.754€2.49 115.92+1.14 0.68+0.02 43.87+2.05 848.34+44.33 9.91+0.11
B2 222.3344.00%  29.19+1.54 75.68+4.60 111.74+£2.25% 0.68+0.02 47.61£1.69*  745.18+33.58*  9.58+0.20*
40 Bl 235.9443.79  28.54+1.23 83.78+3.69 123.21+2.08 0.68+0.02 4433+£2.79  1008.73+40.11  8.25+0.24
B2 228.76+£2.03*  29.23+1.75 78.64+2.01%* 117.16£3.72%* 0.68+0.03 45.73+3.47 912.24+29.78*%  8.14+0.12
73 B1 251.47+£8.38 29.28+1.06 91.70+3.17 124.51£1.03 0.74+0.03 37.02+2.42 10.77+0.19
B2 234.82+£5.00%  29.32+1.66 81.71+3.06* 120.974£2.11* 0.68+0.02* 44.24+2 .53* 10.21+0.25*
* B2 Bl ¢ P<0.05
Note: * Indicates through #-test, there is significant difference between Bland B2 in the same group (p<0.05).
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Table 4 P values of middle leaf tissue structures with different N application amount
10d 20d 40d 73d

Organizational Structure Variation sources

Planting density 0.0086** 0.0007** 0.0001** 0.0271*
Leaf thickness Nitrogen <0.0001%** 0.0099** 0.0059** <0.0001**

x Planting densityxnitrogen 0.0276* 0.4226 0.0933 0.0184*

Planting density 0.3522 0.8989 0.0760 0.3548
Upper epidermal thickness Nitrogen 0.8313 0.8580 0.0893 0.5488

X Planting densityxnitrogen 0.3116 0.3296 0.4992 0.1930

Planting density 0.8332 0.0007** 0.0031** 0.0202*
Palisade tissue thickness Nitrogen 0.0621 0.1877 0.0029** <0.0001%**

X Planting densityxnitrogen 0.4668 0.4865 0.1657 0.0009**

Planting density <0.0001** 0.0010** <0.0001%** 0.0044**
Spongy tissue thickness Nitrogen <0.0001%** 0.0161* 0.0093** 0.0318*

X Planting densityxnitrogen ~ 0.0021%* 0.1884 0.5550 0.6378

Planting density 0.0023%* 0.4032 0.0173* 0.0650
The ratio of palisade Nitrogen 0.0073%* 0.8540 0.4087 0.0003%*
tissue thickness and . . .
spongy tissue thickness x Planting densityxnitrogen ~ 0.1301 0.7360 0.0874 0.0076**

Planting density 0.3585 0.0169* 0.0056** 0.0266*
Palisade cell density Nitrogen 0.0131* 0.0055%* 0.2311 <0.0001%**

X Planting densityxnitrogen 0.1252 0.1512 0.9485 0.1472

Planting density 0.0197* 0.0001** <0.0001**
Leaf area Nitrogen <0.0001** <0.0001** <0.0001**

x Planting densityxnitrogen ~ 0.1280 0.0220%* 0.0005**

Planting density 0.0038%** <0.0001** <0.0001** <0.0001**
Specific leaf weight(SLW) Nitrogen 0.2136 0.0036** 0.2657 <0.0001**

X Planting densityxnitrogen ~ 0.0110%* <0.0001** 0.2771 0.0002%**

* 0.05 ** 0.01
Note: * Significant correlations at p<0.05; ** Significant correlations at p<0.01.
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20d 1)
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