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Effects of fertilization on growth physiology, yield and medicinal quality of
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Abstract To clarify a suitable fertilization mode for optimized yield and medicinal quality of Schizonepeta tenuifolia Briq., a
single-factor random block design field experiment with three replications was conducted. The seven treatments in the experiment
included three levels of organic manure (chicken compost manure 5 250 kg-hm™, 10 500 kg-hm™ and 15 750 kg-hm 2, respectively),
three levels of chemical fertilizers (with the same ratios and quantities of nitrogen, phosphorus and potassium as the three manure
treatments, respectively), and the control treatment without any fertilization. Leaf photosynthetic pigments and soluble protein, total
flavonoid contents in different above-ground parts during different periods, and total dry-matter yield of S. tenuifolia after harvest
were determined. The results showed that under the experimental conditions, both total dry-matter yield and photosynthetic pigment
contents of S. tenuifolia under manure and chemical fertilizer treatments were significantly higher than those of the control (P < 0.05).
Significant differences in dry-matter yield and photosynthetic pigment contents existed among different levels of manure and
chemical fertilizer— high level > medium level > low level. The differences between manure and chemical fertilizer with the same
quantities of available nutrients were insignificant. Organic manure enhanced the accumulation of total flavonoids in stems, leaves
and spikes of S. tenuifolia. The contents of total flavonoids varied in the order of low level > medium level > high level of manure
treatments. Chemical fertilizer decreased the accumulation of total flavonoids in stems, leaves and spikes. Total dry-matter yield, total
flavonoid contents of plants under high organic manure treatment were significantly higher than those of the other treatments and CK.

Based on the results, it was concluded that chemical fertilizers with nitrogen, phosphorus and potassium increased yields and
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decreased both the total flavonoid content and medicinal quality of S. tenuifolia. Suitable quantities of organic manure increased both
the dry-matter yield and total flavonoid contents in stems, leaves and spikes of S. tenuifolia. Hence organic manure was a better
alternative to chemical fertilizers in the production of S. tenuifolia. The recommended amount of chicken compost manure for S.
tenuifolia production in Hebei Province was 15 750 kg-hm™.
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Table 1 Fertilizer rates of different treatments

Contents of available nutrients (kg~hm’2)

Treatment Code Type and quantity of fertilizer (kg-hm™2) N P,0s K,O
Low manure Al 5250 Chicken manure 5 250 72.13 34.93 49.86
Middle manure A2 10 500 Chicken manure 10 500 144.26 69.86 99.72
High manure A3 15750 Chicken manure 15 750 216.39 104.48 149.58
156.8+ 194.05+ 83.1
Low chemical fertilizer B1 Urea 156.8 + calcium superphosphate 194.05 + 72.13 34.93 49.86
potassium chloride 83.1
313.6+ 388.1+ 166.2
Middle chemical fertilizer B2 Urea 313.6 + calcium superphosphate 388.1 + 144.26 69.86 99.72
potassium chloride 166.2
470.4+ 582.15+ 249.3
High chemical fertilizer B3 Urea 470.4 + calcium superphosphate 582.15 + 216.39 104.48 149.58

potassium chloride 249.3

Control CK No manure or chemical fertilizer 0 0 0
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different treatments at various growth stages
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Table 2 Content of total flavonoids in stems of S. tenuifolia under different fertilization treatments mg-g™

(- ) Sampling date (month-day)

Treatment 07-16 08-05 08-17 08-27 09-10 09-20 09-26 10-09
A3 9.62+0.24d 10.98+0.16¢ 7.57+0.04b 6.19+0.08ab 8.20+0.15d 9.85+0.20b 9.65+0.34¢ 9.11+0.06¢cd
A2 10.90+0.20¢ 7.61£0.12¢ 6.29+0.36de  5.81+0.36cd 9.09+0.12¢ 9.98+0.18b 9.76+0.16¢ 9.32+0.24¢
Al 12.58+0.40a 12.54+0.04a 8.81+0.08a 6.29+0.12a 12.94+0.28a 12.49+0.26a 12.18+0.22a 11.76+0.14a
CK 10.74+0.02¢ 11.84+0.17b 6.85+0.04c 5.41+0.04e 12.30+0.04b 11.96+0.03a 11.76+0.16b 11.16+0.09b
Bl 11.90+0.36b 7.65+0.18¢ 6.45+0.16cd  6.01+0.02abc 8.05+0.08d 9.76+0.28b 9.53+0.18¢ 8.92+0.08d
B2 9.82+0.36d 9.01+0.12d 5.93+0.32f 5.53+0.08de 12.42+0.16b 12.26+0.42a 12.08+0.28a 11.63+0.18a
B3 9.86+0.40d 6.97+0.08f 6.93+0.10c 5.97+0.20bc 9.30+0.24¢ 9.34+0.08¢ 9.01+0.32d 8.56+0.22¢
0.05 s Different small letters indicate significant difference among treatments at 0.05 level.

The same below.
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Table 3 Content of total flavonoids in leaves of S. tenuifolia under different fertilization treatments mg-g'
(- ) Sampling date (month-day)
Treat-
ment 07-16 08-05 08-17 08-27 09-10 09-20 09-26 10-09
A3 15.61+0.20b 16.19+0.23¢ 13.30+0.13d 11.94+0.06b 20.43+0.12d 21.70+0.04b 19.69+0.08cd 19.44+0.18cd
A2 15.71+£0.12b 20.71+£0.21a 15.83+0.20a 12.78+0.08b 20.03+0.16d 20.08+0.13¢ 19.89+0.06¢ 19.31+0.16¢cd
Al 16.31+0.16a 19.87+0.06b 15.18+0.08ab 14.38+0.15a 22.98+0.06a 23.03+0.21a 22.47+0.11a 21.81+0.21a
CK 14.90+0.12de 18.15+0.32¢  13.18+0.16d 12.14+0.05b 21.76+0.02¢ 22.00+0.04b 21.38+0.07b 19.95+0.28¢
B1 15.35+0.31¢ 13.22+0.22f  14.26+0.04c 10.46+0.25¢ 20.11+0.06d 19.38+0.18¢ 19.08+0.23d 18.86+0.12d
B2 15.10+0.04d 17.23+£0.28d  14.34+0.06¢ 14.26+0.11a 22.36+0.04b 21.80+0.08b 21.14+0.09b 20.80+0.07b
B3 14.70+0.14¢ 12.50+0.36g 14.66+0.02bc 12.38+0.13b 18.39+0.23¢ 17.42+0.23d 17.31+£0.26¢ 17.08+0.24¢
R4 FRBEREAEFHFTEHSAMSE
Table 4 Content of total flavonoids in spikes of S. tenuifolia under different fertilization treatments mgg’
(- ) Determination date (month-day)
Treatment 09-10 09-20 09-26 10-02 10-09

A3 7.17+0.10¢ 5.59+0.02d 18.16+0.12b 14.56+0.18b 9.61+£0.06b

A2 7.10£0.04c¢ 7.23+0.12b 18.41£0.09b 15.02+0.10a 10.82+0.18a

Al 8.45+0.13b 7.10+£0.08b 19.19+0.19a 15.04+0.12a 11.17+0.23a

CK 9.82+0.10a 7.72+0.19a 18.14+0.12b 12.92+0.11¢ 8.38+0.04c¢

Bl 6.92+0.06¢ 6.65+0.06¢ 16.95+£0.07¢ 12.01+0.13d 8.46+0.05¢

B2 6.98+0.09¢ 5.20+0.03¢ 16.56+0.12¢ 12.25+0.09d 8.73+0.08¢

B3 6.42+0.05d 4.994+0.04f 14.26+0.21d 11.42+0.14e 7.50+0.15d

%5 R EARALIR R L A R O T R e

Table 5 Total plant yield of S. tenuifolia harvested at full flower stage under different fertilization treatments kg-hm™

Treatment CK Al A2 A3 B1 B2 B3
Yield (kg-hm™) 7 189+312E 8 661+456DE 11 007+1 187BC 14 237+1 411A 8 513+422DE  10457+200CD 12 368+363AB
Yield increasing rate (%) 0 20.48 53.10 98.03 18.42 45.46 72.03
0.01 Different capital letters indicate significant difference among treatments at 0.01 level.
> > , . ,
5 >
A3>B2>A2>B3>A1>CK>BlI; s , , A3
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Table 6 Dry matter yield and total flavonoids yield of S. tenuifolia under different fertilization treatments kg-hm™
Dry matter yield Total flavonoids yield
Treatment Stem Leaf Spike Stem Leaf Spike
Above ground part Above ground part
A3 7969.36+£518.70a 2 468.32+412.23a 2 696.59+382.97a 13 134.27+1 299.78a 76.90+5.01b 48.60+8.11a 48.97+6.95a  174.47+19.81a
A2 6 106.69+221.93¢ 1 763.59+264.40b 2 120.11+£339.05bc 9 990.39+821.84¢c  59.60+2.17d 35.08+5.25b 40.26+6.24b  134.94+13.36bc
Al 4 882.68+105.79d 1176.11£136.10d 1 772.31£26.81cd 7 831.10+165.96d 59.47+1.29d 26.43+3.06cd 34.65+0.51bc  120.54+3.26¢
CK 3756.27£120.53¢ 1 594.96+179.48bc 1 186.31+260.19¢ 6 537.54+270.77¢ 44.17+1.42¢ 34.10+3.84bc 21.52+4.71d 99.79+5.51d
Bl 4926.584210.83d 1265.98+170.25¢cd 1 672.26+64.48d 7 864.82+406.54d  46.95+2.01e 24.15+£3.25d 28.34+1.09cd  99.45+5.72d
B2 5973.454+42.60c  1602.61+96.58bc 2 043.88+147.35cd 9 619.94+188.12¢c  71.95+0.51b 33.88+2.04bc 33.85+2.44bc 139.68+3.70bc
B3 7159.20£168.76b 1779.73£175.43b 2 467.90+25.99ab 11 406.83+£335.11b  64.50+1.52c 30.81£3.04bc 35.19+0.37bc  130.504+4.52bc
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