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Effects of Planting Density and Nitrogen Application on the Photosynthetic
Characteristics and Metabolic Enzyme Activities of Flue-Cured Tobacco
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Abstract; A field experiment was carried out to investigate the effects of planting density and N applica-
tion on the yield, photosynthetic characteristics and enzyme activities of tobacco. The results showed
that: 1) Planting density and N had a positive interaction with shoot biomass; 2) Planting density, N and
planting density X N had no effects on chlorophyll a,chlorophyll b and carotenoids content. Photosynthetic
rate had no difference between high and medium density, which was higher than that of low density.
Under the condition of high density, the photosynthetic rate of high N was higher than that of medium and
low N treatment. Under the condition of medium density, photosynthetic rate at medium N had no differ-
ence compared with that at either low or high N. Photosynthetic rate at high N was higher than that at me-
dium N, and photosynthetic rate at low N had no difference with that at medium or high N. Under the con-
dition of low density, photosynthetic rate at high N was lower than that at low N, but photosynthetic rate at
medium N had no difference compared with that at either low or high N; 3) Planting density and N had a

significant impact on nitrate reductase activities and amylase activities at growing and maturing stages.
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Tab.1 Effects of different nitrogen levels and planting densities on dry matter accumulation of the tobacco

Fite 5 R/ it m" /g
(# - hm™?) (kg - hm ™) Uit e - &t
16 650( /) 75 5.05+1.39ab  6.54+1.17b  37.88+5.21b  49.47 +5.35b
135 4.46 +0.50b 7.29+1.92ab  38.16 £3.22a  49.91 +4.77h
195 5.70 0. 60a 9.16 £2.89a  47.85+6.97a  62.71 26.11a
F-HE 5.07 £1.59A 7.67+2.17A  40.96 +8.04A  55.70 +5.21A
13 860( 1) 75 3.17 £0.62b 4.80+1.02b  28.14+5.19b  36.11 +7.31b
135 5.11+0.91a 7.71+0.82a  38.39+3.34a  51.21 +5.37a
195 4.41+0.6lab  7.01+1.02a  37.09 +3.87a  48.51 +7.62a
F-HE 4.23 +1.06A 6.51 +1.55A  34.54£6.05B  45.28 +5.21B
11 880(fI%) 75 3.93 £0.79b 6.20+1.31b  32.28+5.28b  42.41 +7.85b
135 5.30 £0.47a 7.21+1.49ab  39.57 +7.14ab  53.08 +6.73ab
195 5.67 £0.54a 8.09+0.47a  44.17+5.0la  58.93 8. 14a
SEAAAY 4.97 +1.38A 7.17+1.78A  38.68 +7.92AB  50.82 +5.21B
FAE> Tl 25 i 1.086 1.399 2.835 3.265"
it A 2.035" 5.425" 6.681 7.263"
A 25 3 < it A o 0. 861 0.736 0.807" 4.267"
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R F A AT — AR KB F A4, AFEFRLF(P>0.05, n=3,I8D %); 2) FUALLMEA* "HH"

* " A AR B EMX 0.05 % 0.01 KF.
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Tab.2 Effects of different nitrogen levels and planting densities on pigment content in leaves of the tobacco
M, HRE W5/ (mg g ™") Wsjyp/ (mg o g™") Wegp16p/ (mg + g ™)
(Bk-hm™)  (kg-hm™)  WHFa  HEEKD EHEPE HEK. HERD KHE MR HBK. HERD  KWE MR
16 650( &) 75 1.11£0.21a 0.49£0.09a 0.17 +0.05a 1.19£0.21a 0.50 £0.07a 0.23 +0.07a 0.54 £0.12a 0.43£0.10a 0.14 +0.05a
135 0.98 £0.10a 0.47 +0.10a 0.13+0.03a 1.17+0.16a 0.56 £0.09a 0.17 £0.07a 0.53 £0.09a 0.45+0.09a 0.14 +0.07a
195 1.05£0.12a 0.43£0.06a 0.17 £0.06a 1.13£0.13a 0.55+0.09a 0.23 +0.09a 0.69 £0.13a 0.62+0.13a 0.17 +0.04a
FHE 1.05£0.15A 0.46 £0.10A 0.16 +0.04A 1.16 £0.16A 0.54 £0.10A 0.21 0. 10A 0.59 £0. 10A 0.50 £0. 10A 0.15 +0.04A
13 860 () 75 1.10£0.12a 0.43£0.07a 0.19 +0.06a 0.89 £0.15b 0.89 +0.16a 0.17 +0.07a 0.65 £0.14a 0.25+0.08a 0.14 +0.03a
135 1.11£0.06a 0.44£0.05a 0.19+0.07a 1.23£0.20a 0.57 £0.16a 0.22+0.04a 0.64 £0.13a 0.25+0.14a 0.14 +0.03a
195 1.02£0.13a 0.43£0.10a 0.18 +0.07a 1.03 £0.10ab0.41 £0.13a 0.19 +0.08a 0.92 £0.11a 0.42+0.16a 0.17 +0.04a
i 1.08 £0.12A 0.43 £0.10A 0.19 0. 11A 1.05£0.12A 0.62 £0.12A 0.20 £0.09A 0.74 £0. 11A 0.31 £0.14A 0.15 £0.02A
11 880({f%) 75 1.07£0.08a 0.43£0.08a 0.17+0.10a 1.03 £0.14a 0.41£0.10a 0.20 +0.06a 0.71£0.12a 0.68 +0.18a 0.15+0.03a
135 0.88 £0.05a 0.42+0.08a 0.14+0.08a 1.16+0.12a 0.47£0.08a 0.23£0.08a 0.57 +0.14a 0.55+£0.19a 0.13£0.01a
195 1.27£0.22a 0.520.13a 0.21 £0.09a 1.23£0.13a 0.55+0.11a 0.24 £0.09a 0.54 £0.12a 0.51£0.13a 0.14 +0.03a
Ay {E 1.07 £0. 15A 0.46 £0.10A 0.17 £0.07A 1.14 £0. 10A 0.47 £0.13A 0.22 £0.10A 0.61 +0. 13A 0.58 £0.20A 0. 14 £0.04A
P> 0.046 0.108 1.579 2.105 0.481 1.429 1.486 1.143 0.526
Mg 0.750 0.031 1.339 2.899 0.232 0.807 1.173 0.159 1.431
PR x i 0.957 0.337 0.840 2.090 0.834 2.499 1.068 0.204 0.249

1) Bl —# % R — 5] R R R AT REEEE LR — AR A B FEE, KT 2R RE; B —F F RRAAHE A
R FIHEE LR — AR KE FRE, R T EZFREH(P>0.050=3,18D i%);2) FARFMHAEERAEO0.05 KF
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Tab.3 Effects of different nitrogen levels and planting densities on photosynthetic characteristics of the tobacco

Tt 25 B/ e RV plieer e ffifa] CO, ¥efiE/ ST/ P U
(B - hm™?) (kg +hm™)  (pmol » m™ +s7%) (pmol + mol ™) (mmol - m™ +s7™")  (mmol - m™* +s7")

16 650 ( &) 75 17.6 £0.4ba 242.0 £5.02b 12.8 £1.5b 6.9 +0.6b

135 17.5 +0.6b 255.0 £44.0b 16.2 £0.5a 7.6 0. 8ab

195 19.5 £0.9a 318.0 +40.0a 17.5 £0.9a 8.2+0.9a

SEHE 18.8 £0.7Ac 265.0 £39.0A 15.3 £0.6B 7.6 +0.7A

13 860 ( H) 75 18.0 0. 4ab 296.0 +34.0a 17.1 £0.8a 7.7+0.9a

135 17.2 £0.6b 227.0 £77.0a 16.2 £0.6a 7.1%1.1a

195 19.0 £0.6a 274.0 £28.0a 16.2 £0.5a 7.6+1.6a

SEHE 18.3 £0.5A 266.0 £62.0A 16.5 £0.7A 7.40.9A

11 880 (fi%) 75 18.8 £0.7a 306.0 +55.0a 16.7 £0.5b 7.7+1.4a

135 17.8 £0.4ab 278.0 £52.0a 16.7 £0.5b 7.3%1.6a

195 15.9 £0.6b 254.0 +65.0a 17.7 £0.6a 7.0+1.3a

FHME 17.2 +0.4B 277.0 £43.0A 16.8 +0.6A 7.3+1.1A
FAEY  FiasE R 0.489" 0.129 1.176 0.374
it R 0.553" 1.273 1.452° 0.517
T2 B it 26 3.095 * 2.003 0.931* 2.356

1) B —#A% R — 7] F REERAKFRREEE AR — AR NG FREE RTEFREE(P>0.05) ;A5 FRR
APALE AR A AR — MR RS FHE, KT EZFARRF(P>0.051=3,18D %);2) FIai4 LA LAFR" «”

e A FREMRE0.05 % 0.01 KF.
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Tab.4 Effects of different nitrogen levels and planting densities on nitrate reductase and amylase in leaves of the tobacco
Tl s B/ [ TE=N 4 AR A P/ (g - g7 - b7 VERBREYE (g-g7' - h7")

(BF - hm™) (kg + hm™) 5A5H 5H23H 6 H16 H 5HSH 5H23H 6 416 H
16 650( &) 75 69.9 £5.4ba 98.5+6.3a 57.3+8.4a 3.49+0.34a 1.18 £0.12a 2.33+0.32a
135 79.1x4.4a 86.9x6.la 57.1+9.3a 4.00+0.45a 1.45+x0.23a 2.00 +0.34a
195 61.4+6.6c 93.5+7.8a 57.0+10.6a 3.94+0.31a 1.51£0.24a 2.39 +0.27a
S 68.2 £5.3B¢c 93.0+0.4A 57.1+10.4A 3.81+0.21B 1.38+0.25B 2.19 +0.25B
13 860( H) 75 66.7 £10.2b 69.9 +£8.5¢ 42.0+9.1b 4.65+0.34a 2.15+0.17a 2.79 +£0.26a
135 90.0+9.9a 113.1x14.7a 58.7+7.8a 4.21 +0.4la 1.69 £0.14a 2.97 £0.24a
195 79.2 +11.8ab 83.4 +10.6b 46.3 +7.2ab 4.26 +0.25a 2.08 £0.24a 2.65 +0.31a
SEH{E 78.6 +10.6A 88.8 £0.4A 47.0+6.1B 4.47 +0.26A 1.97 £0.22A 2.80 +0.28A
11 880 (f%) 75 83.2+£8.5a 81.1x7.5a 68.4+8.6a 3.76+0.25a 1.70+0.14a 3.08 £0.24a
135 82.5+7.9a 83.9+8.9a 57.4x7.2b 3.90%0.36a 1.70+0.21a 2.83 £0.3la
195 69.1+8.3b 87.3+9.1a 57.0+6.3b 3.77+0.28a 1.69 +0.14a 3.01 +0.34a
SEHME 78.3 £0.4A 84.1x0.4A 60.9+8.6A 3.81+0.27B 1.70£0.35A 2.98 +0.22A

FAEY Tk 0.124 0.249 0.469 1.876 1.741 0.153
it S 0.286" 0.415° 0.060 " 0. 024 0. 105 1.354

TR 2 B it R 0.106" 0.910 0.218" 0.408 " 0.258" 1.577"
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