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AT A, T R A AR, A T IR DT A
FE A o Ay b, ZERURE I, 4R34 0 75
220 ~ 230d, 4E¥JH B 1900 ~ 2100 h, 4F 345 B
153 ~ 158°C, 4FHRE/KEE 993 ~ 1294 mm, if B Fh
T R KR . R0 R B AR, O ~ 20 em
+ 3 pH {H 636, AHLE & 11.5 gke. GRS
i 41.3 mg/kg . AR 5.75 mg/kg . HALE S
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A (N 17.72% ) FEERE (N 11.86% ), =M
X PE S BT 2 AR S K, AR, B
FIER AR B4 JitE P 4351 o N 150 keg/hm® . P,0590 kg/
hm®, K,0 150 kg/hm?®, oA AR FER AR ( 5% AR A1
K,0 50% ) FTHEMETHEA 50%, 5 BT 50%,
B (I BERRES, P05 12% ) T2 4EFhRTiEA
FKHARKHIRE, £/NX2EK8m, &% 2m, &
20 em, TEBUH 16 m*, FRALFE 3 KEL, MEHLIXA
HEF o M /N RK B, /NX AR ACK: 8 m
B& 60 em., JF 12 22 WRLE, 2019 4F 12 H 23 H ik
PREEE N 25 ~ 30 g. 3 MU ZEAUAR ZE1E AT,
FEATIE 30 em ., #REE 20 em FR, A= B WIE] JCHEE,
N TBRH,
1.3 Am B 55k
1.3.1 I I 2 A5 Wi o T 2 114 0

F20204F 10 H5 H | 4 9:00—11:00, HL
PR EZEEEE 3 o e R IT i R ERAE
FEFRA, FH SPAD 502 i #5 2C I 2 S0 R 4R
i, I SPADHE/R, ®AAIS b+, BS
JH TARGAS-1 B #5 X0 G TF % R 48, It
mi 7 2% A2 B LED 203 IRt R
YO E A A U B (PAR) 2000, 1800, 1500,
1200, 1000, 800, 600, 400, 200, 100, 50,
0 pmol/ (m*+s), FAFIXEE, LIPAR K
B, Wota AR (P,) N, R ] Photosyn
assistant £ {4 #F 17 L &, IF 5 R W & 7 80R
(AQY) . I K#H LG M & (P,,.) . JGH X
(LSP) . JetMz (LCP) FIREPEIEHER (R, ). [
iF, MG R 26 3RO 1200 wmol/ (m® -« s)
TREOLA R (P,) . M A e E (C) .
LT () MZEBHEE (T,), = B K
25 DA ERIZER (PE ). PE=P/PAR,
1.32 AEYEie

T20204F 11 A 5 H, R/PNXERACERMER 3
AR, Kb, 22 WRZEMBURSIE, H e
FRMES AT, 25 F 105CATH 15 min,
TSCHT BIEEFIE S E AR, HHE et
#H, WHE = T E R,
1.3.3 IR A& e

LT AR SR AR 57, F H,S0,-H,0, T,
FZs Rkt i &S 5.
134 NEAFEFHBENITE

WA REMARR=P /(RSB R,

S

L4 Fdmaba

H Excel 2010 B2 BRECHE FIVE R, HH SAS 9.0 i
FFGETTArMT, SR /N 8 A 22 105 A6 6 A P ) 22
BEYE (P<0.05 ),
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222 ARILAXZFEAS G N S50 00
A - emn 2 &8 (F 1), HEEE
AbPRAT & AR P, LSP A1 LCP, {HXf R, JC i
FROM . 3 P EUIE A B (AR ALk B RO A -
e 1 1 e Z 80 TRl [A], A A A AL 3 AQY |
P 5017, LU MR B 2 0 A 3893 0 42 15 14.06% FiI

=2
g

=

14.78%, a5 = 10.06% F1 8.14%
Pl R RIS 25 B AL 8 LSP #5 ms . 43 01 L 1ok e 25 R
b P E AR 3.17% F111.02%, 11 75 40 2 JA) G i
xS, SHMSEORR, MSEMESRLR
LCP %5 %} I8 5 25 P& 17.03% F11 6.38%, i Ik e 2
AL P 5 %] A TG

F 1 FARAREESHFBARLE - SLNR &S H MM
b FIGFRCE FREOLA R AT 33 AR AR JEAMEE L
(mol/mol ) [ wmol/ (m®+s)] [ wmol/ (m®+s)] [ pmol/ (m*+s)] [ wmol/ (m*+s)]
Pl 0.060  0.003h 24.76 £ 0.20d -3.7520.37a 1313 £ 41c 62.67 =2.31ab
LR IESE A 0.064 = 0.001b 27.20 = 1.08¢ -4.0220.11a 1388+ 57h 64.00 = 0.00a
THER 0.073 + 0.007a 31.22£0.07a -3.73 £ 0.09a 1541 + 61a 52.00 + 4.00¢
ESA 0.066 + 0.001h 28.87 +0.42b -3.8520.09 1432+ 38a 58.67 2.30c
e B LOFIE « briiw2EFoR . [WFIARNG SRR bR 22 5 2 (P<0.05), FIA.
223 RFABEXNFAEARNCESEIRH 17.42% . 2.89%. 0.93% . 17.24%, Lt %75 A Ak

M 2 AT, it AR AT e S AR M A A
YEHIZE, SXHIRAEEL, P, G.. T, F1 PE 435425
10.06% ~ 29.24% . 124% ~ 4.48%. 1.90% ~ 2.84%
F110.13% ~ 29.11%, FERANEALH# i, 6 & A 4b
AP, G, T,. PE &, HOBERS R 5 08w

3 4 8.06% . 3.20% . 0.46% . 7.94%, %51
REN AT (HAE C T, MRS R
I3 O RS A A PR 7 47.58%, MBS A AL H R
1 10.92%, H2E 5k WK

K2 FAERRHSHFEARNFSEZBRSHBIFI

e KD e U SALTEE i) — R ARV 2 Jea AR
[ pmol/ (m*+s)] [ mmol/ (m® + s)] ( wmol/mol ) [ mmol/ (m” *s)] (%)
it 18.98 +0.03d 216.00 + 1.73b 132.67 = 1.53a 2.1120.15¢ 1.58 +0.01d
DRI 20.89 +0.72¢ 219.33 + 1.15h 121.27 + 1.10b 2.15+0.05h 1.74 + 0.06¢
MR 24.53+0.27a 225.67 +0.58a 82.17 + 14.87d 2.17+031a 2.04 +0.02a
FEASA 22.70 + 0.18b 218.67 +6.35b 109.33 £ 1.53¢ 2.16 +0.20b 1.89+0.01b
224 RFEILBXZFEARM PRIV L 19.81% ., 7.13% F1 8.44%, LU A5 A AL R R

HIZE 3 A1, 3 AR RALH S5 AR AR
Ay VA S TR, PR A AL B
Fop iR AR RS B H B A RAL B

P 18.19% . 12.68% A1 16.80%; {H £ 7% & Ab ¥
e B A, il IR BERRS AL EE . S A
RbPR 2R 8.06% . 5.48% . 10.61%.

K3 AERRESXFEARM FIERAZM

Qb A Cem™ %) W (of BR) A (mglg) HHE (mg/em’)
of i 135.16 = 4.40¢ 3.92+0.07¢ 18.97 £0.02¢ 29.03 +1.21b
BRREAS A 188.38 +3.97h 5.60 +0.03h 21.01 £ 0.98h 29.74 + 0.67h
TEASA 222.65 +3.76a 6.31£0.15a 24.54+0.39 28.36 + 0.46b
BEASA 185.84 +3.43b 5.89+0.07b 22.63 +0.16b 31.37 £0.50a
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HH P& 3 AT AT, it U AT DA G S s R
kAR, ST, SR, S8 Em
Pk e 25 R0 Ak B8 43 53] 4 3 4 R 60.53% . 50.18% Fil
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24 ARILBXFEACE A IR A
I 4 Al n, SXEREARLE, BERGS R BDE A

FHRCRBEAR 3.30%, AHA AL BRI F A3 7 |4
151 3.23% 1 0.79%, {H2= 55K K F] B E K. 3 Fp
RIESAEFER YSRGS R SR RIS A
AOFREE S 6.76%, (H5EESFMIITC R E 2R

70
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T 30}
® e
€ 20f
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2.5 FEACEFRE S IR BRI A

HE% 4 vl BEpRAEY S, A, MRES
AR R SRS A P, LSP, G, T, 2R #
B EMIEMSEE R, 5 LCP, C S B E TR
KFR, 5 R, LREMHIM,

F4 FERMAAEHESEMEFHEXRY

fabr Rk A i AR Lot MRS MRAREGE OLAAFFIIRCR

FOL AR 0.942" 0.922" -0.019 0.961" 0.861" 0.499
AR 0.828" 0.883" -0.163 0.834" 0.867" 0.274
JEAMEE R -0.651" -0.647" 0.214 -0.808™ -0.790" -0.417
I 3 4 -0.039 -0.051 -0.160 0.235 0.146 0.189
AL 0.639" 0.750" -0.356 0.712" 0.790" 0.253
] — S e -0.825" -0.864" 0.240 -0.936" -0.926" -0.426
ZEIE R 0.953" 0.922" 0.118 0.874" 0.812" 0.132

e FRAEMEIL B (P<0.01), * FRHEIERE (P<0.05),

3 it

3.1 AREFIEEX P EARM LR Z S A
MR R Ay, TR T O
RR RO, AKE b, il %OAE R
Fi SPAD fH, X S5RTAMITEAR—E, HanrE=T
PR A B MR a- TR R & i, MR
AR T, ARSI IR B, I R
ZANREIL SN, AR AL B2 R 5 R 4
TR SR AL B, XN SR AR
TR S B S A, oA e

S

REWEWRM Fh R B 257, X4 7
E, A TSR SR ", SRS
SPAD {EA FAHA AL B,
3.2 AFEEEEEXFEACA RN
SeAAE AR A= ) 3 my, HLAR FH a8 B a2
BWIEFEE R ESE . B BroiA
Hr, REREA AR S A AL B R R P, G, AT, B
BETESEAR, B CAMELEELS, K
W L5 LW, 3 AL B R F AR LA S
s ees, K S RO FEAR R P, G,
FUT, femn, A G fef. X5 R meds o Y e pk s
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RS R —2, P, 5 G TRIEME, 5 G
RS, DI S S A RERE I 5 AR S AL
AOTF IR EE , JRHEANAL CO, HE AN 40, I RERY
SEAH CO, MREST o HEDIAX R B T AU At
WS BAE AR, FE R NH, 255) 5t AR st
SECE AR L B L, RS A BT 9K B B Y
B, W Co, R E SRk, BEAIR T b A,
AN JAE N R, H NOy B 4 75 oK 2 it
S FEAERE R, AN A HE 3 L [N,
TSR FR LR/, iR, AT COo, 7E
I A 200 2 i R ' A SR AR T

HLW) A V8 FH 2 650 A CO, W BE (R 520, 3
T S 107 2 St e 10 S50 AR AL R B U P 1)
B RE FCRE R Mo Horp LCP AN LSP 433 )X
WA X 55 D AR SE R I RE 7, 3R LCP {EAIK.
LSP {8 &5 A A MG IE BP0, AR P, A
BAEME AP LCP (AL, LSP (%R, i
MRS A AN LCP {5 . LSP{EHAR, Rt H
THUS AR I EAE AR R GREFI X ], B3R
BEFHTEE, X5 5 heztas 7 7E A B (g F 57—
Ho P REEYIRIOCARE ST, HAR MU it
ROCA TR RERR . ANIFSE B, it FH RUIE 4
Pe UL ATERTI B AR Fob&gae, X5
X an s O R R B, RN, A AL
P B B T RS FBERE S RAR R, 33X 5 4%
RO X, MR, Lk ienE
B, A PR NG E S, EE
FLBE LI aR T BRSO RERE 11 10 Ak, P
W5 G, T, 2R E MG, XRIAE SR
W RefE HESALIRTT, WA ERRIEE 21 COo,,
fEiE CO, AL AR ERKIL A, PEMTHERE Powo
3.3 ANRIAZIEENEAE AR Wy (1) 5

HMEFIE ST AR A TE R, 5%
KA IR B . AR, S EGEEEE R
AR YRR, S AR E A TR EAR A
Ko X 5Bz ma D A S 4 R — 3K,
HSRTALESS D) EF/ D hu e g R A — 2
FO5 IR, AR EMTHY TYRM R, X
N SRR EFFEARRE L, FERKF AT
HeK RAFm s, 8GR MHL, HIRMLER
B, AR HLAR FR, fERME R
T B Y, BHARS A T R EARI A
RElf, ERTRELA R, MR Y .
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Effects of different nitrogen forms on leaf photosynthetic characteristics and photosynthetic nitrogen use efficiency
of Atractylodes lancea

MA Guo-zhu" >, ZHANG Li*", FU Guo-zhan', WANG Jing’, ZHANG Yan-ling’, XIN Long-fei’, SUN Wan-hui’,
CHENG Yi-xin> (1. College of Agriculture, Henan University of Science and Technology, Luoyang Henan 471023;
2. School of Agriculture, Xinyang Agriculture and Forestry University, Xinyang Henan 464002; 3. Institute of
Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081 )

Abstract: In order to provide a theoretical basis for nitrogen utilization efficiency in the cultivation of Atractylodes lancea
(Thunb. ), a field experiment with annual rhizome of A. lancea was carried out to study the effects of different nitrogen forms
on the photosynthetic characteristics and nitrogen absorption. Four different nitrogen forms were without nitrogen ( CK ) ,
amide nitrogen fertilizer ( ANF ), nitrate nitrogen fertilizer ( NNF ) and ammonium nitrogen fertilizer ( NHF ), and
the photosynthetic parameters, biomass and photosynthetic nitrogen use efficiency ( PNUE ) were analyzed. The result
showed that application of nitrogen fertilizer improved leaf photosynthetic characteristics. The increments of SPAD value,
apparent quantum efficiency, maximum net photosynthetic rate, light saturation point, net photosynthetic rate, stomatal
conductance and transpiration rate under NNF treatment were the highest, but light compensation point and intercellular
carbon dioxide concentration under NNF treatment were significantly lower than those of the other treatments. Meanwhile,
NNF treatment promoted nitrogen uptake and plant growth by increasing leaf area and reducing specific leaf weight, which
increased the biomass by 6.89% and 17.05%, respectively, compared with NNF and NHF treatments. In addition, PNUE
under NNF' treatment was increased by 2.43% and 6.76%, respectively, compared with NHF and ANF treatments, and
achieved the highest value. These results indicated that A. lancea was more sensitive genotype to nitrate nitrogen, application
of nitrate nitrogen fertilizer was most suitable for promoting leaf photosynthetic capacity and nitrogen utilization.

Key words: Atractylodes lancea; nitrogen forms; photosynthetic characteristics; photosynthetic nitrogen use efficiency
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