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Effect of trace element fertilizers on photosynthetic characteristics,
nitrogen and potassium contents, output value of flue-cured tobacco
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Abstract: [Objective] Effect of spraying trace element fertilizers on tobacco growth were studied to
find suitable patterns for increasing yield and quality of tobacco in Hanzhong, Shaanxi. [Method) Ten
treatments including two spraying periods (X spray at rosette stage and budding stage and D spray at ro-
sette stage and 2 days after toping) with four trace element fertilizers Si,Mo, Ti,and Co (XSi, XMo, XTi,
Xco,DSi, DMo,DTi,and DCo) and two control groups (spray water, X0 and D0) were set up for YN99 in

Hanzhong to study effects of element fertilizers on photosynthetic characteristics, nitrogen and potassium
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contents,and yield and quality of flue-cured tobacco. Each treatment was repeated for three times. [Result]
Spraying trace element fertilizers increased chlorophyll content compared with control, especially for DSi
treatment with significant difference. Spraying trace element fertilizers significantly enhanced net photosyn-
thetic rate (Pn) ,stomatal conductance (Gs) and intercellular CO, concentration (C:),while reduced tran-
spiration rate (Tr),particularly in DSi and XCo treatment. Trace element fertilizers application improved
nitrogen and potassium contents with the best effect in XCo at toping and maturing stages. It also showed
increases in agronomy and economy characteristics after fertilizers spraying, especially for single leaf area
under DSi treatment. Average price, output values and proportion of middle-upper tobacco in XCo treat-
ment were increased by 9.21%,11. 95% ,and 8. 30% , respectively. [Conclusion] DSi and XCo treatments

could efficiently improve photosynthesis, nitrogen and potassium nutrition, and economic benefits of flue-

cured tobacco. They are suitable for wild application in Shaanxi tobacco-planting area.
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Fig. 1 Effect of spraying trace element fertilizers on chlorophyll content of flue-cured tobacco at toping and maturing stages
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Table 1 Effect of spraying trace element fertilizers on photosynthetic characteristics

of flue-cured tobacco at toping and maturing stages

B T Toping stage

Trf}iem Ht G WA Pn/ SALFEE Gs/ fLia) CO, ¥eE Ci/ B AR Tr/
(pmol » m™2 « s7 1) (pmol e m™% « s 1) (pmol « mol™1) (mmol s m™2 « s~ 1)

X0 19.96=+0.55 ¢ 0.18-£0.00 cd 129.0044.16 d 4.7540.06 a
Do 19.824+0.52 ¢ 0.17-+0.00 de 127.20+1.86 d 4,74+0.06 a
XSi 22.50+0.15 b 0.1540.00 f 179. 6045. 04 be 4.73£0.07 a
DSi 26.7040.66 a 0.2040.01 b 192.2042.91 ab 3.95+£0.07 b
XMo 22.284+0.22 b 0.1640. 00 ef 131.404+1.86 d 4.7040.03 a
DMo 22.90+0.56 b 0.174+0.00 de 168.20+6.44 ¢ 3.43+0.03 ¢
XTi 18.44+0.38 ¢ 0.1940. 00 be 174.6043.93 ¢ 4.0740.11 b
DTi 23.04+0.64 b 0.24740.00 a 178.0044.16 ¢ 3.91+0.12 b
XCo 25.6040.44 a 0.23740.01 a 203.80+7.84 a 3.56+£0.07 ¢
DCo 21.50+0.61b 0.18%+0.00 cd 174.20+3.67 ¢ 2.86+0.04 d
b ESZ%&,H,H Maturing stage

Treatment HOL G HA P/ SR Gs/ falE CO, He i Ci/ HIBHEE Tr/

(pmol » m™2 « s71) (pmol + m™% « s71) (pmol « mol™ 1) (mmol s m™2 «s™ 1)

X0 13.06+£0.09 e 0.10240.00 e 117.6042.85 3.7440.03 a
Do 14.00+0. 15 de 0.137+0.00 cd 118.404+1.33 3.70£0.02 a
XSi 15.44+0.50 ¢ 0.19£0.01 a 156. 6043. 28 be 3.31£0.02 b
DSi 21.16+0.38 a 0.1940.00 a 166.00+1.00 b 3.1740. 04 be
XMo 19.32+0.54 b 0.1240.00 d 135.20£2.67 e 3.134+0.03 be
DMo 19.70£0.20 b 0.10£0.00 e 148.00£4.73 cd 3.00£0.11 cd
XTi 14.70=£0. 35 cd 0.084+0.00 f 177.0043.51 a 3.14+0.03 be
DTi 21.3840.15 a 0.1440.00 ¢ 142.4043.67 de 2.6340.07 e
XCo 19.36+0.22 b 0.1740.00 b 149.4043. 84 cd 2.50+0.09 e
DCo 14.82+0. 39 cd 0.1440.01 ¢ 123.804+3.93 f 2.84+0.07d

e W B G AR AN R /NS SRR R 28 57 B 3 (P<<0.05), K 2~4 A,

Note: Different lowercase letters represent significant difference among treatments at P<Z0. 05. The same for Tables 2—4.
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Fig. 2 Effect of spraying trace element fertilizers on nitrogen content of flue-cured tobacco at toping and maturing stages
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Effect of spraying trace element fertilizers on potassium content of flue-cured tobacco at toping and maturing stages
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Table 2 Effect of spraying trace element fertilizers on agronomy characteristics of flue-cured tobacco

P s/ em AR I /e i om B o’
Treatment Plant height Effective leaves Stem girth Pitch Single leaf area
X0 94.61%3.90 a 17.40+0.30 a 8.2140.08 b 5.36+0.09 a 1380.024+11.57d
Do 94.4241.52 a 17.20+0.15 a 8.20£0.18 b 5.38£0.14 a 1422.73416.06 cd
XSi 95.94+£2.57 a 17.8040.42 a 8.47+0.18 ab 5.30£0.12 a 1 464.33+£25.72 be
DSi 97.57+2.50 a 17.40+0.38 a 8.49+0.12 ab 5.58+0.10 a 1615.444+22.30 a
XMo 97.65+1.35 a 17.40+0.57 a 8.39+0.07 ab 5.56+0.11 a 1444, 34430.21 cd
DMo 98.72+1.32 a 17.60+0.18 a 8.45+0.12 ab 5.50%+0.05 a 1489.96442.71 be
XTi 96.79£2.08 a 17.80+0.17 a 8.36+0.24 ab 5.41%0.19 a 1525.494+16.39 b
DTi 97.7241.37 a 17.40+0.42 a 8.51+0.09 ab 5.46+0.14 a 1433.9348.57 cd
XCo 98.38+1.21 a 18.00+0.14 a 8.75+0.22 a 5.39%+0.14 a 1519.89+16.97 b
DCo 97.92+2.37 a 17.60+0.09 a 8.64+0.18 ab 5.50%+0.07 a 1 425.50416.06 cd
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Table 3 Effect of spraying trace element fertilizers on economy characteristics of flue-cured tobacco
o | 0,
g3 NN B/GEe ke PR/ (ke hmo ) e T s A
Treatment Single leal weight Average price Yield Output values .
middle-upper tobacco
X0 7.8240.18 a 18.68+0.17 b 2 187.95+30.01 abce 40 880.67+927.36 b 84.37+1.89 b
Do 7.79£0.08 a 18.53+0.44 b 2 255.10451. 36 abc 41 825.1541 845.19 ab 85.4042.07 ab
XSi 7.9240.23 a 18.724+0.35 b 2 221.50+55.76 abe 41 576.16+1 131. 01 ab 85.6041.10 ab
DSi 7.74+0.12 a 19.36+0. 27 ab 2 170.95+65. 54 be 42 008. 84+869. 14 ab 87.3040.70 ab
XMo 7.86+0.10 a 19.604+0. 13 ab 2 204.70+35.11 abc 43 219.56+£745. 90 ab 88.404+1.83 ab
DMo 7.62+0.09 a 19.26+0.17 ab 2 144.10+28.13 ¢ 41 278.79+187.47 b 85.1742.30 ab
XTi 7.80+0.11 a 18.62+0.24 b 2322.40+49.46 a 43 248.821+1194. 49 ab 87.4041.21 ab
DTi 7.78+0.04 a 19.34+0.41 ab 2 182.20442.51 abc 42 228.02+1578.41 ab 89.4041.60 ab
XCo 8.00+0.20 a 20.4040.21 a 2 244.05431. 95 abc 45 765.80+254, 28 a 91.3742.28 a
DCo 8.02+0.14 a 19.26+0. 75 ab 2 300.15+28. 36 ab 44 341.45+2 262.78 ab 90. 6042. 59 ab
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Table 4 Effect of spraying trace element fertilizers on chemical compositions of flue-cured tobacco after baking %
b B S I RO RATE e

Treatment Nicotine content Reducing sugar content Total nitrogen content Potassium content
X0 3.36+0.06 be 14.94+0. 27 de 1.6940.01 de 1.434+0.04 e
Do 3.50£0.05 b 16.52+0.07 ¢ 1.6040.02 e 1.1440.03 g
XSi 2.62+0.08 f 17.904+0.53 b 1.7740.03 cd 1.6940.04 ¢
DSi 2.53+0.01 f 19.45+0.08 a 1.6940.01 de 2.07+0.04 a
XMo 3.84+0.09 a 14.30+£0.50 e 2.0440.03 a 1.2540.02 fg
DMo 3.39+0.03 be 19.00+0. 37 ab 1.7740.03 cd 1.5740.05 d
XTi 3.24+0.08 ¢ 18.14+0.30 b 1.8240.03 be 1.8740.04 b
DTi 3.05+0.02d 16.55+0.52 ¢ 1.8840.05 b 1.4640.01 e
XCo 2.4940.05 f 18.51£0. 48 ab 2.03+0.03 a 1.7840. 04 be
DCo 2.87+0.06 e 15.87+0.32 cd 1.9040.05 b 1.3140.04
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Table 5 Interaction effect of spray time and fertilizer after spraying trace element fertilizers
g ot G R R Liilee e i b AR L
13 Chlorophyll content Photosynthetic rate Nitrogen content Potassium content Si 1" ] Proportion
- = = - — ingle .
o WOUH A WOUN  RAM WO RAM WO R 5 of middle
Toping  Maturing Toping  Maturing Toping  Maturing Toping  Maturing area upper
stage stage stage stage stage stage stage stage tobacco
5% Jif H
)\Eﬁﬂtgﬁ 5.49* 9.93** 10. 78" * 76.54" " 5. 17" 15.80" * 5.95" 6.45" 0.55 0.02
Spray time
Py
Eﬁﬂmﬂ]ﬁ . 13.49** 66.03" " 29.98**  94.19* 50.30"* 50.07*" 53.41**  37.20"* 9.35"" 3.13"
Fertilizer species
WG it s 359 < i AC b 2
Spray time X 23.87** 36.03" " 25.22%7%  93.45** 8.03** 21.22** 114.63** 45.26*~ 10.50* * 0. 69

Fertilizer species
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