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Effect of Nitrogen Nutrition on Nitrate Reductase Activity and Mineral
Elements Absorption of Isatis indigotica Fort. at Seeding Stage

TANG Xiaoqing, XIAO Yunhua, WANG Kangcai, LU Tingting

(Horticulture College, Nanjing Agricultural University,Nanjing 210095, China)

Abstract: We studied the dry weight of individual plant,nitrate reductase activity and mineral elements ab-
sorption of leaves under three nitrogen forms and different concentration ratios by the use of orthogonal de-
sign, which were ammonium nitrogen,nitrate nitrogen and the amide nitrogen. The results showed that: (1)
There were different dry weights by different nitrogen forms, which amide nitrogen was the most important
nitrogen form,followed by ammonium and nitrate nitrogen; (2) There were different nitrate reductase activ-
ities in leaves by different nitrogen forms, which ammonium nitrogen was the most important nitrogen
form,followed by nitrate and amide nitrogen; (3) The combined application of different nitrogen forms can
promote absorption of phosphorus P, potassium K, calcium Ca, Mg, Cd, manganese Mn, chromium Cr,
strontium Sr elements, but it is not beneficial to the absorption of nickel Ni,and iron Fe. Seven mineral ele-
ments,which were affected the most significantly by ammonium nitrogen,were K,Ba,Se,Ni,B,Si and Fe.
Five elements,namely P,Cd, Ti, Al and Cu were affected the most significantly by nitrate nitrogen,and Na,
Ca,Mg,Zn.Mo,Mn,Cr and Sr elements were affected by amide nitrogen. There were obviously differences
among the effect of mineral elements absorption by different nitrogen forms. We should focus on the con-
struction of the morphogenesis in the seeding stages of Isatis indigotica , and pay more attention to the
combined application between the amide nitrogen and inorganic ammonium nitrogen, nitrate nitrogen. The

appropriate nitrogen forms and ratios can increase nitrate reductase activity and promote minerals elements
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absorption, thereby promote the growth of I. indigotica.

Key words: [satis indigotica Fort. jnitrogen nutrition;nitrate reductase; mineral element;orthogonal design
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Table 1

Three nitrogen forms and concentration

levels of treatment/(mmol « L™")

Factor Concentration Concentration Concentration
level of NH, "-N of NO; ™ -N of CO(NH3),
1 0 0 0
2 2.5 2.5 2.5
3 5.0 5.0 5.0
4 7.5 7.5 7.5
5 10.0 10.0 10.0

R2 ISHERESMRENERRITLEKE

Table 2 Treatment level of three nitrogen forms and concentration by orthogonal design

number Ipﬁj‘s}a ) ﬁﬁj&/ﬁ e @Hﬁ’ﬁ/ﬂ R B /mtal nitrogen
Ammonium nitrogen Nitrate nitrogen Blank Amide nitrogen Blank Blank /(mmol « L™ 1)
1(CK) 1 1 1 1 1 1 0
2 1 2 2 2 2 2 5.0
3 1 3 3 3 3 3 10.0
4 1 4 4 4 4 4 15.0
5 1 5 5 5 5 5 20.0
6 2 1 2 3 4 5 7.5
7 2 2 3 4 5 1 12.5
8 2 3 4 5 1 2 17.5
9 2 4 5 1 2 3 10. 0
10 2 5] 1 2 3 4 15.0
11 3 1 3 5 2 4 15.0
12 3 2 4 1 3 5 7.5
13 3 3 5 2 4 1 12.5
14 3 4 1 3 5 2 17.5
15 3 5 2 4 1 3 22.5
16 4 1 4 2 5 3 10.0
17 4 2 5 3 1 4 15.0
18 4 3 1 4 2 5 20.0
19 4 4 2 5 3 1 25.0
20 4 5 3 1 4 2 17.5
21 5 1 5 4 3 2 17.5
22 5 2 1 5 4 3 22.5
23 ) 3 2 1 5 4 15.0
24 5 4 3 2 1 5 20.0
25 5 5 4 3 2 1 25.0




1854

[N [ 7/ B S 4

135 r « min~ ', B4R EF[E] 90 s,
1.4 FIELIE

K OE 28 1T 3014 B0 40 A FE DPS #5144 X
SIS B HEAT G A

2 ZER 55

2.1 ERTHEEAAANBEEGTYRNAE
SEA

AN TRV 25 10 25 RNk B TC 5 e Y O B S s
PSR bk T (& D Bbk T FAK TR A 3.
8.19.23.25 4L 5 MG HAH G B & T X I H
Hh BB T4 B 57 B R A A 4 A i 9 (1. 73
@) 7(1.57 g),10(1.56 g).21(1.47 g) 1 24(1. 46
g X5 MARPRTYRELERARE AT
i ot B U R LG R A e a2 i
IR AR . T8 WA Hr 45 R (3R 3) KL 5
AR W R T 1 R R AR O R A > %
BREASWMERWEREERKGET U LT
MR T ETEMESENA M. S50 n
BTV RELRRES S AN, REAHAE R
7E (APNH, " -N# 2.5 mmol* L', NO;,” -N K

25r

on

E 2

S20¢t =

{=9
Ws—- &0 < &0

) 3 5
H_Q- - 3 B
KE LS > - =
-2 3 =

o — = &

z s )

Z‘IO = -

a

0.5
I(CKy2 3 4 5 6 7 8 9 10 11

1

Fig. 1

bede

12 13 14

2.5 mmol « L ' \CO(NH,), & 7.5 mmol«L ),
2.2 BERESARZEFESHBENH AWMEITE
Bl i 1 59 5 i

FAWE T R Hp il R A4 T (NRO 75 M I K B B &
HEE TSR (E 2D WA S AT RNES
T3 0 G5 Gt B A R A W A G
o 24 DAEFRA AT ONRIGEER TX AN A 2.
3.4.6.8.17. 18 3 7 A4l A Hob 4.6.8 41/ 5 X
BRI NR VG 2Z R B, HWAPERGE DL
.3 B R IE & % #8 85 it NR 36 P 19 52 i K/
KK EHSASWEA SRS R. EX% T
IR S NR 36 P /9 5 A 20 5 (NHL ), SO, ik
B 2.5 mmol « L' ,JKNO, #J&F 5 mmol « L™'.CO
(NH,), W 5 mmol « L™, 2 & 12. 5 mmol -
L', (HAE 24 DNE RIS b NR 3G Mok 1 &
S SHA(3.39 pgeg '« h ), HAHM N NH, " -
N 2.5 mmol » L', NO;7-N 5 mmol « L7',CO
(NH;), 10 mmol « L™', MBS R N 01 9,12,
20,23 AR NR 3G PE53 5104 12, 57,8, 00,12, 67
11,03 pgeg '« h ' X 5 2 S5 B AF 5T 45
AR

bed
cdefgh
bedef
abc
bedef
abc

defghi
efghi

fgi

hij
ij

22 23 24 25

15 16 17 18 19 20 21
AR 25 % Treatment number

RE )Gtk T &
RENG F B R R FRA AL 0. 05 K PAH BEZET;E 2 [H

Dry weight of per plant under nitrogen treatment of I. indigotica

The different normal letters within rows mean significant differences among treatments at 0. 05 level;

RI ARLEERMEAKTESHAHEREFEESTENENS R

Table 3 Visual analysis of dry weight and nitrate reductase activity with nitrogen treatments in leaves of I. indigotica
’E%%{: gk Dry weight per plant/g fil§ B2 38 B i 7 7k Nitrate reductase activity/(pg+ g '« h™1)
Nllrthricn NH,-N NO;-N NH,-N NH,-N NO;-N NH;-N
P 1 ki 0. 986 1.12 1.212 15.27 11.89 11. 89
P 2 k2 1. 328 1. 278 1.312 16. 26 11.41 12.61
#{H 3 k3 1.184 0. 996 0. 842 10. 40 15. 69 14.93
HI{H 4 kd 1. 088 1.234 1.308 12. 45 12.71 12.52
H{E 5 k5 1.128 1. 096 1. 9.79 12. 38 12.13

Wil R 0.342 0.282 0.47 6.56 4.28 3. 04
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Fig. 2 Nitrate reductase activity with nitrogen treatments in leaves of I. indigotica
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Ko Ca DU 7E AR 2B K MR BE R B L b s 322 7 [l 7t
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W EW N, K, Ca, Mg S50 B8 % & &2 A 12 35 0
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TR KGR R K. Ca, Mg 258" 55 I7 19 W UK,
H U150 B RO R X R Y W e BT R A A Y
M, B A SR R AR S KA RE R R 2
— P I K B0 Ak IR R U AE AR AT W L AR SR
WA SR ERAAE N AR BT, & MgO 14% ~18% .
Fe,0, 5% ~ 17% ., FeO 1% ~ 3%, SiO, 37% ~
42% ALO; 10% ~13% . H,0 8% ~18% il K,O
6.5% .84 Li.Ti.Cr.Ni 5§ L H ., LEHLERE
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Mg WSR2 Wi 5 K
3.3 AERSRERKLERELEKHXER
RAEAFENEYERN VLT EFRITR . S 5HY
2 Fp A BTG B (R R A KA H . T8
FEAEN i FH () 00 4 R 32 T 2 2 B A R B
A RS RS A WL Y AT A — B B AR ]
ERER S ER AR ZEBEROE . T4 B R0
. Arunothai S5 BF Y K B L A I 0 R 19 IR
W) T 5 285 R Ok 2 BT 2 R0 e A K R
IR AR AN . ARPFIEA R R AR AR
T2 A5 TC A it FH RE e 1k v J0D 0 T SRR o0 A 2R KL 4R
1o H A s A R 25 R TSt P B v il
PR 3 D 14 45 A1 A R R 0 3R SR 23 B T R
W o DT A 200 i 20 S 9 2R IS L BB IR BIEAE AR I
(USRI 70 S ORE NI DR IEP S0 A SO R
I AE AR B CH T s B G R R ik A 1 T

[1] ZHAO PGB ),SUN G SH(#VA %) ,PENG SH L(# /b #f). Ecophysiological research on nitrogen nutrition of plant[J]. Ecological

Science (A AFF),1998,17(2) :36—42(in Chinese).

[2] NARUMOL P,XU ZH ,HANS B. Nitrogen nutrition of Cyperus laevigatus and Phormium tenax ; Effects of ammonium versus nitrate on

growth,nitrate reductase activity and N uptake kinetics[ ] . Aquatic Botany ,2013,106:42—51.

[3] LICWZEMTE) ., WANG K CCEREA) set al. Effects of nitrogen form on the growth and accumulation of total alkaloid and free total or-
ganic acids of Pinellia ternata[J]. Plant Nutrition and Fertilizer Science (#4907 35 5 MR 24 4%) . 2012,18(1) : 256 —260(in Chinese).

[4] YANF X(ZME) . WANG K C(FHEA) et al. Effects of NH; T-N /NOs; ~-N ratio in applied supplementary fertilizer on nitrogen metabolism,
photosynthesis and growth of Isatis indigotical J]. China J. Chinese Materia Medica (WP [E H 252435 ,2009,34(6) ;2 039—2 042(in Chinese).

[5] ZHANG Mk %) ,LIANG Y JORKIL) ,et al. Effects of nitrogen sources on nitrogen utilization and growth of flue-cured tobacco in
the floating-seeding system[]]. Plant Nutrition and Fertilizer Science (Fi¥) & 37 5 MR # 4K . 2012,18(1) :139—145(in Chinese).

[6] LI X X(ZHE) . HUANG G L EAH) et al. Effects of different forms of N and its ratios on growth and mineral element content of navel orange
seedlings[ ] . Journal of Hunan Agricultural University(Nat. Sci. Edi. ) G 4l K2F244] « BRBRARD ,2007,33(5) :622—625(in Chinese).

(7] ERAMZE R & b AN RICHE 2 0[S T L R0 b [ B2 25 R 45 i hi4t . 2010 191 — 192,

[8] YANF XCZMEZ) ., WANG K CCEEA) , TANG X Q(FEBEHE) set al. Effects of NH,; "-N/NO; ~-N ratio on the active component and
mineral elements contents of Isatis indigotica Fort. [J]. Jiangsu J.Agr. Sci. QLIF RN FHR) ,2010,26(4) :735—739(in Chinese).

(9] T2 YA ML L5 AR (2 O LML bt . = 580 AL, 2006124 —126.

[10] LAM H M,COSCHIGANO K T,OLIVEIVA I C. The molecular genetics of nitrogen assimilation into amino acids in higher plants[]J].

Annu. Rev. Plant Physiol Plant Mol. Bio. ,1996,47:569—593.

[11] CAMPBELL W H. Nitrate reductase structure, function and regulation: bridging the gap between biochemistry and physiology[ J]. Annu.

Rev. Plant Physiol. Plant Mol. Biol. ,1999,50:277—303.

[12] WANG X CH(FE/pli) ,XIONG SH P(HEIMFE) set al. Effects of different nitrogen forms on key enzyme activity involved in nitrogen metabolism
and grain protein content in speciality wheat cultivars[J]. Acta Ecological Sinica (= 25244 »2005,25(4) :802—807(in Chinese).
[13] ARUNOTHAI J,HNAS B. Nitrogen nutrition of Salvinia natans ; Effects of inorganic nitrogen form on growth,morphology, nitrate re-

ductase activity and uptake kinetics of ammonium and nitrate[ J]. Aquatic Botany ,2009,90:67 —73.

[14] ZHANG G ZHGKEIE) ,ZHOU Q(E 22 ,.HE X H(a[/NLD) et al. Effects of N, P and K fertilizer on grain yield and mineral element
content in grain of Vegetable Soybean[ J]. Soybean Science (K & FF2) ,2009,28(6):1 034—1 039(in Chinese).

[15] CHEN L(J& #).ZHU Y LURA M) . YANG L F(% 57 %) et al. Effects of nitrogen forms and ratios on carbon-nitrogen assimilation
in developing seeds of Vegetable Soybean[]]. Acta Bot. Boreal. -Occident. Sin. (PG H) »2010,19(10) : 189—193(in Chinese).

[16] FAN QJGEI ), ZHANG Y3 %) et al. Effect of nitrogen forms on the growth,yield, content of ferulic acid and total alkaloids of
Ligusticum chuanxiong[J]. Plant Nutrition and Fertilizer Science ({%¥) 5 35 5 M ¥ 4%) . 2010,16(3) :720— 724 (in Chinese).



