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Effect of nitrogen treatment on amino acids, total flavonoids, and mineral
elements of Isatis indigotica from different germplasms”™

TANG Xiaoqing”, LU Tingting, SHI Shenglu, WANG Yu, YANG Yue & WANG Kangcai
Institute of Chinese Medicinal Materials, Nanjing Agricultural University, Nanjing 210095, China

Abdima  The dried leaves of Isatis indigotica of the family Cruciferae were used to be Folium isatidis. To determine the
nitrogen nutrition physiology of 1. indigotica, a field experiment was conducted including 5 1. indigotica germplasms (S1-S5)
to analyze the contents of the free amino acids, total flavonoids, and mineral elements in the leaves using the following seven
nitrogen treatments with three replicates: nitrogen control (CK), nitrate nitrogen (NO,-N; T1), ammonium nitrogen (NH,-N;
T2), NH, -N/NO;-N (75/25; T3), NH, -N/NO,-N (50/50; T4), NH, "N/NO,-N (25/75; T5), and amide nitrogen (CO(NH,),; T6).
The responses of different nitrogen treatments on the contents of the free amino acids, total flavonoids, and mineral elements
in 1. indigotica leaves were different from each other, in which the total free amino acid content (54.03%) of S3 by T3 was the
highest, but the T6 treatment was not conducive to the accumulation of amino acids. The total flavonoid content (28.11%) of S2
by T1 was the greatest, but T3 could increase the total flavonoid contents of S1-S3 and S5. T3 could promote the absorption of P,
K, Ca, Mg, and Cu in I. indigotica leaves, but it was not conducive to the Ni absorption. In summary, the ammonium and nitrate
nitrogen combined application (NH, -N/NO;-N, 75/25) could effectively promote the absorption of mineral elements, and could
increase the contents of free amino acids and total flavonoids, which could provide a reference basis for the production of good-
quality Folium Isatidis.

E&gymb Folium Isatidis; Isatis indigotica; nitrogen treatment; amid acids; total flavonoids; mineral element
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Table 1 Effects of different nitrogen treatments on amino acids in leaves of Isatis indigotica

BESRMEA ESA/MER ESE/MER

Xif 8 il A A 100% ZAE100% e A 100%

e N T Fe i R G B0750) 2573 Mcﬂg(N H)oN
Treatment (CK) 3 (1) 4 (T2) NH, -N/NO;-N' NH,-N/NO,-N NH,-N/NO,-N ™ 0 (sz6)

(75/25) (T3) (50/50) (T4) (25/75) (T5)

2142 N Bozhou, Anhui (S1) 474 +0.13} 3.14+0.04;  4.47+0.06; 4.87 +0.05¢ 4.56 + 0.08} 3.96 +0.05¢ 2.16+0.13°
H 7 3k % Zhangye, Gansu (S2) 236+0.08;  2.12+0.03¢  3.31+0.03 2.27 +0.094 2.08+0.01¢ 1.82+0.09¢ 2.00 £ 0.09¢
42 BP0 Fuyang, Anhui (S3) 2.85+0.07°  4.06+0.09  2.59+0.165 4.39+0.12° 2.52+0.115 2.29 +0.04% 2.35+0.12%
LIV 32 b, Yuncheng, Shanxi (S4) 21940065  2.32+0.10¢ 2.73 + 0.08; 2.12+0.114 2.29+0.085 2.04+0.115 1.65 + 0.06!
5% P4 7% Shangluo, Shaanxi (S5) 1.97+0.088  217+0.10%¢  2.71+0.04; 2.49 +0.10; 1.97 £0.07¢ 2.22+0.06° 1.20 + 0.04¢

[63) BB IS A o) L 7 R 2 R BT IR] 2 5 (2. 35 (P< 0.05) 5 [ T BU(E JS AN i) AR 7 Rl 3 /R Ak 3R] 22 53 i 2% (P<0.05) .

The different superscript letters within rows mean significant differences among areas at 0.05 level. The different subscript letters within lines mean significant

differences among treatments at 0.05 level.

K2 ARAEEREMBETBERSEHOHM (wmgg', N=3)

Table 2 Effects of different nitrogen treatments on total flavonoids in leaves of Isatis indigotica

s A g0 gesion, HESMER BEHIMER BERMER gy
Treatment C("C“It(r)"l NO; 61%11;00% NH, ('%\12)100% NH,-N/NO;-N  NH, -N/NO,-N NH,-N/NO;-N CO(NH(Z%Z(;?I 100%
(75/25) (T3) (50/50) (T4) (25/75) (T5)
L= M Bozhou, Anhui (SI)  45.58= 1235 46.02£2.06, 41180975 4907201  4287=1.04. 4264+171L  44.08% 175}
34 Zhangye, Gansu (S2)  41.62+2.100  53.32+027) 4493+ 1.620 4586+035,  40.96=0.800  4568+140;  51.88+0.46;
Y5 IH Fuyang, Anhui (S3) 46240845 4479£027% 4281+ 1145 5125 1.54;  40.57+2.53%  3347£048!  49.64: 138
P23 Yuncheng, Shanxi (S4)  43.94+0.13%  44.26+0.88% 39.01=1.04;  40.02+093; 46721060  40.99+0.58%  46.01 = 116}
B P4 F 3% Shangluo, Shaanxi (S5)  41.69+ 1.2 42.52:+0.87: 4046+ 1.055  46.11+ 1060 41960935  39.84=1278  50.43+0.74:

() 5B 5 A )R 5 BE RS Al BT ] 22 5 835 (P< 0.05) 5 [RIATHUE JS A R AR Rl s b Bl i) 22 5 | 35 (P<0.05) .

The different superscript letters within rows mean significant differences among areas at 0.05 level. The different subscript letters within lines mean significant

differences among treatments at 0.05 level.

R TCK, HT24b# ) S1E ZE (LT CK (P < 0.05) ; BRT44b 31
J5i S2MIC T CK AL, HoAxAb BR 5 B4 S2.60 385 Bl & /= 24 4 3% 5 T CK
(P <0.05); T35 TeAh ¥ J5 (1) S318. 3% & T CK, HAsab ¥y
& T CK; T1, T4A5Tekb HL )5 W) S4K) & i 38 T CK, HhT4
5T6H 2% 7 FCK (P < 0.05) ; T1, T3, T45T6ix 44 4b i
JEHS5E T CK, HiP T35 Tew 3 & 1 CK (P < 0.05) . T1-T6
A A0 T B S B I B e e R{EL 40 ) v AR v CK 28.11% (S2:

53.32) . 7.95% (S2: 44.93) . 10.83% (S3: 51.25) . 6.33% ( S4;

46.72) . 9.75% (S2: 45.68F124.65% (S2: 51.88) . 7~ [ Fji i 2 1]
PAR A R 7, T, T2, TS5 Tesh B 5 iy S2, T34 J5 1S3,

T44h P15 1Y SAXE Sy 4% R 187 &b 3R 5445 Tl Jo i) i B A 5 R A
f, HLS2AEAA A TR 3 f 2 5 T S2A CK (P < 0.05) , S1-S5
P B T i e R 49 1) v A B2 CK7.66% (T3: 49.07) |

28.11% (T1: 53.32) . 10.83% (T3: 51.25) . 6.33% (T4: 46.72)

H120.96% (T6: 50.43) 5 T LA [ Fft o A= B 114 . 8 B 5 1 A7 F
— B 25 5, B R AL PR S XA [F RS AR 0 T 0 R
ASTRI AR
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Table 3 Effects of different nitrogen treatments on mineral elements in leaves of Isaitis indigotica
" Jii 76 Z Mineral element
i i . : SIS S : — —
Treatment Germplasm WP K 5 Ca | Mg BkFe = FiMn o BEZn i Cu  BRNi il Se
(wmgg) (wmgg) (wmgg) (wmgg) (wmgg) (wmgg) (whgg) Whgg) (Wegeg) (wigg)

S1 0.57 10.38 5.45 1.15 1.30 0.22 43.57 9.50 17.25 7.68

Xif e S2 0.34 9.72 3.83 1.16 1.85 0.17 65.16 8.14 20.50 4.96

Control S3 0.76 10.09 4.15 1.38 2.67 0.45 42.64 9.34 22.81 9.25

(CK) S4 1.40 10.72 5.41 1.11 1.99 0.33 64.51 8.75 16.41 14.78

S5 1.03 11.03 5.81 1.58 2.59 0.41 52.16 8.50 16.93 11.93

S1 1.92 12.87 6.06 1.63 2.16 0.39 72.75 9.75 17.00 5.25

A AZ100% S2 0.37 10.96 4.58 1.02 0.69 0.10 79.59 7.00 21.45 9.95
NO;-N 100% S3 2.10 10.34 3.47 1.41 3.75 0.65 87.40 10.50 20.75 7.50
(TD) S4 2.28 12.97 4.20 1.32 2.07 0.38 88.73 9.63 21.39 14.06

S5 2.85 13.20 7.32 1.68 1.57 0.34 45.78 9.50 13.83 4.86

S1 1.74 12.09 5.16 1.27 1.90 0.22 69.75 9.50 16.75 11.78

S H100% S2 1.38 12.15 5.44 1.47 1.27 0.33 70.15 11.00 11.01 5.09
NH,"-N 100% S3 0.61 10.27 3.62 1.42 4.17 0.64 83.89 11.39 20.75 8.20
(T2) S4 1.85 11.87 5.39 1.30 1.36 0.23 65.10 8.50 20.96 7.61

S5 2.25 12.84 5.31 1.30 1.03 0.31 56.90 9.50 18.25 8.73
S1 1.26 13.14 5.60 1.42 2.54 0.34 86.73 10.75 16.50 12.92
AR MEE R (75125) S2 1.66 12.44 5.42 1.41 2.03 0.40 80.59 10.75 14.00 15.64
NH, -N/ NO,™-N (75/25) S3 1.12 11.10 5.10 1.51 3.14 0.65 63.89 12.25 15.08 7.81
(T3) S4 1.45 11.34 6.07 1.33 2.55 0.30 52.15 8.91 14.96 6.38

S5 1.57 12.97 5.93 1.68 2.06 0.42 79.14 9.50 19.28 8.85
S1 1.39 12.72 4.76 1.49 1.52 0.31 53.50 9.25 13.13 12.09

SR MEAR (50/50) S2 1.12 10.98 5.40 1.30 1.14 0.13 73.91 8.15 19.31 8.50
NH,"-N/NO;-N (50/50) S3 1.18 10.56 4.68 115 2.19 0.40 36.59 9.93 21.50 13.75
(T4) S4 3.02 12.36 6.32 1.52 3.18 0.42 93.73 9.25 21.14 11.73

S5 2.03 12.09 6.14 1.61 2.67 0.50 49.25 9.50 17.28 11.10
S1 1.76 12.49 6.35 1.62 1.80 0.32 56.25 9.50 20.00 10.00

A RTHA A (25/75) S2 1.85 13.48 5.05 1.60 2.41 0.40 68.04 9.25 12.43 16.75
NH, -N/NO;-N (25/75) S3 0.73 10.51 372 1.42 3.13 0.46 66.75 9.50 22.33 6.66
(T5) S4 1.50 12.20 6.84 1.60 2.85 0.46 54.69 8.75 17.99 15.31

S5 1.44 10.86 6.12 1.26 1.79 0.29 60.60 8.50 18.00 6.91

S1 1.40 11.55 6.64 1.49 1.96 0.30 36.65 8.00 17.25 8.75

Pk i 25 100% S2 1.34 11.31 4.61 1.40 2.64 0.41 42.49 10.58 20.08 6.38
CO(NH,),-N 100% S3 2.07 10.28 4.48 2.06 7.04 1.03 78.80 12.50 17.00 12.00
(T6) S4 1.57 11.74 6.05 1.62 2.11 0.40 37.24 9.50 19.96 12.95

S5 1.27 12.84 4.25 1.34 1.59 0.32 65.75 8.00 14.13 6.75

e W
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PR M IS o 2R B R TR, L A —E R S
bR A i ER A SRR PIR B, R3S A HE A
E PR KB A v AR R U B R R A Y AUIE
Jie PT35S 42 v 2 v ol e B U R T L AR ST
S BUAN TR 25 8 R Ak B S 15 i S R B0 I P 1 2 R R )
FRRWAAFAE—E W) 22 52, Bl BAM LU (T2-TS) , S{n Rl
iU U 0 S R IR A AR R Bl 3, sk 5 i 3 2Kt
it 0 R R I T 0 ARG S S o e R A
—H AT AN A [ E 25 B AR TR H 9 B R L T
P AR B SEACHE, 2T R XA [ A E H  9 T
HE TR 1) S 1) s L — AP T
32 MEMHEBEMRESARERNXER
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