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Effect of Different NH,” -N/NO, -N Ratios on the Photosynthetic
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Abstract: In order to explore the effect of different NH,” -N/NO, -N ratios on the photosynthetic charac-
teristics of sesame seedlings and the suitable ratio for the growth of sesame,hydroponic experiments were
performed to study the different NH,”-N/NO, -N ratios(10:0,9:1,3:1,1:1,1:3,1:9,0:10) on the pho-
tosynthetic characteristics, pigments and chlorophyll fluorescence of sesame cultivars ZZ13 and L12. Re-
sults showed that high NH,” -N/NO, -N ratio significantly inhibited the growth of sesame,resulting in the
death(10:0 and 9: 1) and the reduced dry weight(3: 1) of sesame seedlings. With the decrease of NH, -

N, the inhibition were alleviated , moreover, the shoot dry weight of ZZ13 and L12 reached maximum under
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NH, -N/NO; -N ratio at 1: 9. While the the content of Chl a,Chl b,Chl (a +b) achieved the highest val-
ues under NH, -N/NO, -N ratio at 1:9 and 0: 10, respectively. However, these parameters greatly de-
creased when applied the NH,” -N/NO; -N ratio at 3: 1. The photosynthetic rate( Pn) and respiratory rates
(Tr) of two cultivars were also greatest under NH,” -N/NO, -N ratio at 1: 9, reversely, the Pn and Tr of
two cultivars were both greatly reduced when applied more NH, -N(3:1 and 1: 1) ,these two parameters
were sensitive to addition of NH," -N. Furthermore , compared to the total NO, -N treatment, appropriately
applied with NH," -N 1:9 significantly improved the PS Il activity of ZZ13, as indicated by the significant
increase of Fv/Fm,®PS I and decrease of qN. However,the NH," -N/NO; -N ratio at 3: | both suppressed
the PS I activity of two cultivars,these parameters exhibited reversed tendency as compared with ratio at
1:9. These results indicated that the NH,” -N/NO, -N ratio at 1: 9 was more suitable for the growth of ses-
ame seedlings in the present study, especially for ZZ13, the improvement of the PS [ activity might pro-
mote the photosyntheis of sesame. While the higher proportion of NH,” -N had an undesirable influence on
the photosynthetic pigment content and its composition, PS [ activity,Pn and Tr,then finally seriously in-
hibited the photosynthesis and growth of sesame seedlings.
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7713 3:1 0.896 £0.021C 0.310 £0.020B 1.206 £0.031B 2.91 £0.18B 0.143 £0.022B
1:1 1.176 £0.015B 0.367 £0.015B 1.542 £0.002B 3.22 £0.18AB 0.203 £0.004A
1:3 1.485 £0.109A 0.407 £0.013AB 1.891 £0.104A 3.66 £0.35A 0.235 £0.009A
1:9 1.516 £0.129A 0.462 £0.033A 1.979 £0.158A 3.28 +0.16AB 0.248 £0.029A
0:10 1.329 +0.093AB 0.429 £0.047A 1.758 +0.138AB 3.13 £0.18AB 0.196 £+0.014AB
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0:10 1.443 £0.004a 0.456 £0.002a 1.900 £0.002a 3.16 £0.02ab 0.221 £0.001b

TE:FIIAF K NG F /430 3R 2213 [ L12 TEAS [ b BRI 22 53k 5% 35K F, N IR

50
Ezz13
L2 A
a

= B a
&
3
£
=
=
A~

31 1:1 1:3 1:9 0:10

BEAHLEL

15+

= zz13
L2
12
A
.a 9 B b b
E
s
=
E o
=
3
0 |
311 1:1 1:3 1:9 0:10

(i

B2 AEHMELTZRME A Pnfl Tr B340

2.4 FAERBEERIENZERHAFMHZERXASHED
A

&% 2 5O H H TR A v B A& AL D)
Al LA S A BT I ae 6 He s, Herp Fe/Fm e PS
11 A FHOGRE A T A2 . 1, JE T 38 25 — M1 8 7
0.80 ~0. 85, it 4 14 F %S5 B F e "> ; dPs
I fz e AE YRR & F T PS TR Hp o 38 43 5% A 1) 15
BT PS I S2BR L 715 38 ) B 720%™ 5 qP e PS
I J2 o7 A TF R B A R D50 e 7 32 4k Qi 48k
WFARAY S AR 2 W LLA L 2213 [ Fv/Fm £
BERHC LA 109 B 3 T Ol A B 5 B A T LY
1:9 AhBRAH L, B2 A8 BC b R 3+ 1 B ZZ13 f1 L12 1
Fv/Fm {83 5 35 A%, 2213 ) OPS 1 7 & fil Bt 1k
129 W d i, fE NH — N L i) 48 vm i (4 il i L
3110 1) W R R L12 i OPS T {8 28 1k # 3
5 Fv/Fm —20, SRS HCy 31 0 fe /iy, oAb b 28
A W 25 5. AR R IC 2L 3T, 2213 Fi
L12 1y qP (728 fb e 35— 2, 5 il NH, - N Ak B
(EASBCLL 3¢ 1) qP fb 25 T A b 341, i FoAth JLA

WhEEEE A B EES . BIRG R UL A NH - N
Fo A9 v B L, 2 BRI 32 B 45 ik aa , PS T
I ROl 5 T RORBEAK, PS 1T s B o0 1 JORE &
REATG, F A% 36 AR BRI 2 A il b EL 8, Bk A T L
1:94b ¥ Eb4li NO, — N 4b # TF GR35 27213 F| %
fE 1Y fiE

Fo {RERAZ 5 PS I Ak 2 B 1 56 B 48 565 8
55,9 PS I H o &b T 58 4 FF BT (1 29806 77 1,
S Z G RAVCA I B A L 5N ik PS
I R &t R WU OEREA B TG i 1% 3 111 LA
HARIE R AE B RO BE R . R 2 WL R
BRI LA B 52 T Fo, 5 B3R 3 A4 45 AH 1Y
J& , Fo fEEZMYIC LL 3¢ 1 bR Je i, 76 = L ) NO, - N
SEPERTREAS ., SEAECEL 159 ZbBEAH b, NH, - N
LU B 35 v (A EC LG oA 301 1 1) B ZZ13 19 gN 4353
HOHNT25.95% 34.49% , L12 () qN W) 4% 5034 m 1
25.19% 42.33% , #li NO; — N Ab BB 2 4> & Ff i
qN PR STE L 129 B g8, LR g R,
5 NH, - N Ab BB 22 RR I 6 6 DR 32 20450 0, &5



%9 4 HF SRR ARk R A R R R 41
filh 22 EAH Fo ¥4 hn, Y fig FH Tt Ak 27 s 19 493 %5 ik 2> LU RE A8 AR g, sk 2 BAORE B0 2, 4 v 22 R 9 Ot g
T LA A4 I SR B LU AG 38 5 e A, 305 >4 174 2 i I FIFHZRCE

K2 AREEEETERMAFMEERAESEHBZ N

i A i I He Fo Fv/Fm DPS I qP qN

7713 3:1 0.0833 +£0.003 6A  0.544 0£0.029 5C  0.278 1 £0.006 9D  0.602 6 £0.012 9B 0.4737 £0.015 1A
1:1 0.0534£0.000 3B 0.729 7 £0.007 3B 0.5059+0.011 7C  0.8127 £0.009 1A 0.5058 £0.014 1A
1:3 0.056 7 £0.002 5B 0.729 8 +0.006 7B 0.5452+0.010 3B 0.847 4 £0.004 0A 0.438 8 £0.008 5B
1:9 0.0395+0.0009C  0.8083+0.0043A  0.6281+0.0120A  0.845 8 +0.024 8A 0.376 1 £0.039 5B
0:10 0.0457 £0.001 2C  0.751 5+0.003 1B 0.538 4+0.009 2B 0.838 2 +0.007 2A 0.516 3 £0.010 6A

L12 3:1 0.066 4 £0.003 5a  0.5654+0.0563b  0.3126+0.0428b  0.650 4 £0.042 7b 0.466 1 £0.052 9a
1:1 0.0523 £0.001 Ob  0.7602 £0.006 8a  0.553 7 +0.010 5a  0.855 9 +0.005 Oa 0.529 9 £0.004 2a
1:3 0.046 3 £0.000 3¢ 0.794 9 £0.002 7a  0.564 4 £0.002 0a  0.804 4 £0.006 2a 0.479 3 £0.016 0a
1:9 0.046 5 £0.002 Obec  0.807 8 £0.002 0a  0.593 9 +0.014 3a  0.798 5 +0.020 2a 0.372 3 £0.023 Ob
0:10 0.043 4 £0.000 4c 0.8149£0.001 2a  0.594 6 £0.006 9a  0.814 9 £0.001 2a 0.426 1 £0.010 5a

2.5 AEREERLELAEZRHREXER LTS
HH XS

HE— 2B XF IR SG G A8 AR EAT AR G PE S BT, i 3R
30T e EARAE Y i P IR A S HL
POtA R & R MAATERR A SCE . H HA )
5 Pn (Chl a &8 (&R R SR 2 [B) AF 7R 1 1 3 IE
K, 5 Fo . Fv/Fm ®PS 1l .Chl b & & .Car &&=
AHOCAE IR B B 7K F ;P 55 P (Chl a/Chl b TG i 3%

MFME,{HYE Fo Fv/Fm ®PSI[.qN.Chl a &1 .Chl b
i e S Car B M AR W () AE A
2 SO A O s R RS Fo 5 N &2
IEASE(P >0.05) {H =3 5 H Al 45 b5 = [7] 1 5 1
5. 5 Chl b # &  Car % & Chl a/Chl b I,
Chl a & &t M &% 2 Goi 5 H A 48 5 A T 47 19 A

R3 TRZRWEILLEZRM SR AEFESHNBEXES T

Ei=X 7 Pn Fo Fv/Fm OPS [T qP qN Chl a %4 Chl b & Car & CClLllab/ “lfﬁ? ﬁ;g
Pn 1.00 "~

Fo -0.68 1.00**

Fv/Fm 0.68* -0.94 1.00""

®PS I 0.71* -0.94 0.99**  1.00*

qP 0.52  -0.85 0.88**  0.92"* 1.00*"

qN -0.69 0.30 0.32 -0.34  -0.04 1.00*

Chla®dit 0.8"" -0.86 0.86"* 0.90** 0.8 -0.53 1.00""

Chlb &%  0.81*" -0.81 0.70" 0.72* 0.59  -0.57 0.87**  1.00**

Car & HE 0.72° -0.80 0.87°* 0.87°* 0.78** -0.32 0.85**  0.55 1.00**
Chl a/Chlb  0.56  -0.53 0.69* 0.72* 0.73* -0.18 0.69* 0.25 0.86**  1.00**

e R 0.90** -0.87 0.84"* 0.88** 0.77"* -0.55 1.00"*  0.91°* 0.80"" 0.62 1.00""

B

Hi b= # 0.82** -0.68 0.73* 0.76 * 0.62 -0.62 0.82°% 0.69* 0.72* 0.57 0.81°* 1.00**
EYE

TE o Fll s 53 G 3ROR A P TR 5% R 1% 35K F-

ik 5 it

A7) il Be e X 2213 A L1235 51 b 38
R R, e f] NH, - N A F A H T2
BRI Bl NH, — N B i) B AR, 3 o0 ) 4
B s AR T4l NOy — N fEiy, Sl b 109
WEME Y 2213 AKX L1269 A KR R
AN, XA R — 1R A [R) 3k PR AL B AN TR
SR T LE 2% B M K A 22 S RT N R MLRE R LK

g PR R A R

URES SN]SR e I X o A o )
FH AR R T WA A R B T — AN R
TR bR 7O G2 A AR R I R R
B R B AR AR EANE A -
RBT SR 00 BB & 8 JR el NH, - N B R T4
FTeAEEMBE, AR WE S T H LS
SOMIX T B NHY - N B3R BRI 109
EAT ISR S E R (R R R B



42 T iy Rk A

%46 %

fHBCLL 1:9 B 546 NO, - N A2 RIFARE, H
2 A SRR AEAE 25 5, E— 25 (0 A OGP o Bt R B,
M- Pn 5 Chl a & 4¢3 8 & 22 1) 35 17 76 b &2
FIEMSC, Chl a/Chl b 8 2 WA H) A H 58 5% 1) B
I3, —WORL, FHA AR Y K B AR A 9, 5506 W 38 7
FEfEB]E Chl a/Chl b F&AE"" b 4h Chl a %5 Chl b
WA 5 32 BE M AR L AR IR b & B, Chl a
B 3 B N [ £ Tl O L A B AY 5 R B Ok, 2213
L12 i J5 Chl a &t 78 AN [] £ i e bb Ab 38 1] 1) 4% 5
ZHC K 19.8% F112.3% , i Chl b & & % 748 5
RO 535K 14.9% F110.0% (SCHh %4 ) . Chl
a/Chl b 7EEEAHEC EL 3¢ 1 B de I, FLAth JL A Ak 2 8] 5
SRAT P 22 5 AN 0 3, 130 W) il A Lh 3 1™ B 52
T kg R AR B I R T2 RO SR R
TR RE C LG o 109 B e 6% 4 15 5 55 (1 Chl a/Chl b,
AR F 25T R 6 A R . Car S0 SR 4K A 4E
(50 B €6 3R, A7 8 % BB A 2% RN % i 3K B AR K T
BEO L L5l il A AL BROM LL, B Y C LE 3 LI Car
o R, I8 Y A B AN I L T DA B 2 R Car
Tk, X 5 Barickman 45 7EEH 3 b 69 BF 5T — 3K
TAh ARG P B Car i 5 Chl a & 4R E
Jd  Chl a/Chl b 7 5 BiAR 2 35 4 Pk, {2 Chl o/
Chl b 5 H A S H 2 8 A OC R EOE AR &, X T g2
BERYIC LG 3¢ 1 P A Chl a & F1 Chl a/Chl b i 3
FEARM R, 5 Car FEROCA B B R e A ¢
(BERSTEE 321 B Car 7 & BRI 5 BO0E SR 7 5
NG A BRI A, I Chl a % Chl b T4
Sy Z G PEE R, 30 Chl a 5 Fl Chl a/Chl b
FRRAR) o 25 LRk, 54l NO; — N 57 AH L, 2 A
Bt L 1:9 JF3%A7 3 5 22 K e & R 1) & it
AL B, H = He B NH - N B AR T i
S E A M Chl a/Chl b, S8 BES 0L 5 2
FEHEIR , ) FH 58 14 E 798055 o

A A S ki 0 25 2 T B Y B R 7 T
AW TR E R, AR E FXOCE 5
N EE. BT, B2 R REN, MERAE
FEHA R TARE P, (R BRI AR KT (B WA
REERTY, HAMERCKRMT RN EFRA R
XA CA A A B, LU NH, - N R
M — 0 B K 5 R ASFL T R DN TR B R R T
AR . ABTSERRE & B, NH, — N il o i %
FEAR T 2R A P A1 Tr, AR 56 JF J A I (5 - 3,
JERRF R, P, AR 3R 5 1 O BR A R R R Ok 5Ok IR
B EAEBCLE 1:9 BF 2213 F1 L12 /) Pn 1 Tr 55,
H52Z M BAEELEL 1:3 B2 RR R Po A B A

b, T T W) G 3T R X AT fg R IR Ol R G L R
1= 3 22 R ASAL S BE B/ i — 2 R B 1 AL B Ok
/NXF CO, 3 ERH 77 1952 ) e XF H,O 3 8 BE g 1 5%
M) /NS 22, T 3 43 R O A AR RN 25 i VR I i
TR B, BOZ AR B 2O Tr 80 B B REAIE
1M Pn HI&AT 32 B R KA 20,

4 2 9O H T IR 6 A WL 1) D BE L 2
PR 130 X0 H Y 52 0, HL A PR T R A R R
TS DR FRIE S R B, B L
50% :50% 25% : 75% Kb LA F| T3 5 D 55 F ik
PSI Y Fv/Fm, AWF5E &3, NH, - N [ 5 6e
BRI Fo Ml gN, B PS T ) Fv/Fm , ®PS 11 Al
qP , Ui B LU NH, - N 43 22 Rt B 6B AL 2
S, B T SRS RIS T 6 R % 1 (PS
1) F0 PS I 2 [8] i) H, 4% 38 20038, DT i 75 R 48 65
R AOLHE T 2 DL E iUk AR N
JEREFIH R, 540 NO, — N {57 AH [, 38 24 4
Jn NH, - N(EAEBCEL 1:9) B 358 ZZ13 (1) PS I
TEPE, $E mOGRER 2, RICAE LIS 2713 f
e PS I Fv/Fm (®PS 11 F1 P, 1iii Fo F1 qN A% ;
fHARLL T4 NO; - N HER;, ZaH B Lk 129 B X%
L12 PS I iEM R 2R 33X 5 =35 1) Pn R —
o BAEKR ERBETE R, X 2 MR RIE SN H
PS I PE AT M ™ 3 vl g S5 A B R HL 43
HAFRREAR G

Pn 5 Chl b &4t (Chl a 7 & W4 2 S AE1E
el A OCME, B S R H A C R BB KT 5
Chl b BYAHOC R E, Ui W] Chl a % Chl b TEHEFZ M Pn,
Chl a FlIF 28 28 G i B AE R AE Pn K/ o5 — 5,
Chl a & & M4 A A Chl a/Chl b # 5 Car & &
e d AR G X NS IE T Car 1 A6 A 4l B (0 R
HAERPCEARMWIIGE. S AP &A1,
Pn 5284 ZUOUS BRI AHC R B H k3 T
BEFAKY NTHEEE GRS &M CRE, X AT
FiE A2 PR A AE R T e 3 AR A i i 2R 3R O S8, i %
2o MR — A RBORRE MR AR, BRI S O &
YERI R BEA I B0, i 4 3 98 0 2 H0hg R Bl 2 o
G VE I B R A2 A, PRI B — o B s M, — )
V] A P I {0 LA B e ' G A P B AR I 0

g5 LR AS [R) & i C BL 3 R 2 O A
PE e L) B 25 Rt 3 R 2 RR OGRSl
A UL AH B 35 2 O b B A R (RS EC L 1:9) fig
W FAEHE 2213 BpOGE R BXT L2 S6& B
SRR 2 . Rk, A2 R A R T, # i L
it 25 R A 3= 1 T) st i DA i A 4 S U0 . v EE B



%9

HFRE RIS ZE R S X ARG Ha 43

i 785 G R B B T G X 22 BRI A5 R AR 5 W Y
FRWERA PR 5 S A ALNE BAE L, ol
Bl i B HE A O A 10 3R SO A B
W, T X8 ¥4 53 P 4 3R 9 06 2 B 52 i 2 3%, LR
L1215 B H AR 1 2R 06 & 75 1T A% 32 = DD 7T RE SR
FF e 1 A PS I3 5 Ty L 491 e 265 U Ak 3
BR TR R OB R M RO s R
i S 2H R AT B R S e, L R AR T, U
e EE A9 0 25 U 2RO VR A T R ™ Y B
W, A TR B O A A . N ZZ13 F1 L12 B M
BB RUR s R AR P U R R TSR
KE, ENHEA AL BT 12 LR A B4 R A
TP B 8 R SO A TR 't R QI DDA
K, AT P AUNZ R Ot & G R RS TG
P 2 A T T R 7 58 A [ 2 B T L X 22 RO 5 R 1
S, HAT— W R BRI . O T R R B
i 365 SR 0 20 PR A B R 1 R R, S e R — 28 AOE
AT BC Ot B A O B AR T AR A AR L
L SR K DN 2 3K 25 05 T EAT BRI

Sk

(1] BERHE A Z R THARIM]. db . 48 1w
#,1995.

[2] EAAM AL, 5T, . 200 E FF 5 5L T 58 Bk
HREEIT]. Tl R4 ,2010,38(5) :126-128.

(3] BWE,ZHEY, mM, % ZRRA B 800 i R0
WFFELT]. A E 5 5 AR ,2013,19(3) :644-649.

[4]  RE—, BE/NVAR. B2 28 R M A5 RUC L X 7 A5 40 it A
RS Ty R AR R [ ] P RO B2, 2015,
48(14) :2777-2784.

[5] Bowk,FEL T, A5 4IRS 50T A RIE S
AR HEAERKEEWZm[T]. L6l #F4,
2014 ,42(12) :1289-1293.

[6] W2, FAEF. ARIEENIEY LR L AEKD
sem[T]. e Al K222 4] ,2004,23(5) :581-586.

(7] J3E, D28 AR I 25 X5 M W) A= 15 i 74 T 9% Bk e
[J7. o E Al Bl F 4] ,2015,17(2) :109-117.

(8] KM, KFH, F8, % ARV X LMK
KegsZm [J]. 5 & b B E 8 2% 4, 2011, 33 (6)
567-573.

(9] 28,385 %, X RE AR, 55 B A O Lb X R B2 K Je 45
P [ AR R [T ] ob [ R 9 24 4, 2014,36 (3)
349-356.

[10] Hu L L,YuJ H,Liao W B,et al. Moderate ammonium ;
Nitrate alleviates low light intensity stress in mini Chi-
nese cabbage seedling by regulating root architecture and

photosynthesis [ J |. Scientia Horticulturae, 2015, 186

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[22]

[23]

[24]

[25]

[26]

[27]

143-153.

PN, EREA, R, ARBESN PR AER KA
PywsCRn S A LR RS [T ] M8 57 5 LR
R’ ,2012,18( 1) :256-260.

Britto D T, Kronzucker H J. NH, toxicity in higher
plants ; A critical review[ J]. Journal of Plant Physiology,
2002,159(6) :567-584.

Guo H X,Liu W Q,Shi Y C. Effects of different nitrogen
forms on photosynthetic rate and the chlorophyll fluores-
cence induction kinetics of flue-cured tobacco[ J]. Pho-
tosynthetica,2006 ,44 (1) :140-142.

Guo S,Zhou Y, Shen Q,et al. Effect of ammonium and
nitrate nutrition on some physiological processes in high-
er plants—Growth, photosynthesis, photorespiration, and
water relations[ J . Plant Biology,2007,9(1) :21-29.
Zhu Z ,Gerendas J,Bendixen R, et al. Different tolerance
to light stress in NO, - and NH," -grown Phaseolus vul-
garis L. [ J]. Plant Biology,2000,2(5) :558-570.
RN, 2 A RS20, A5l Ak 40 0 500 X/ 1 3R N
TR AR R S [ T, o [ A 25 Al 24 41, 2012,
20(1) .28-33.

Eee, ML R YA B A S RS R
[M].3 R dbat: w5 H0F e, 2014.

Ralph P J, Macinnis-Ng C M O, Frankart C. Fluores-
cence imaging application ; Effect of leaf age on seagrass
photokinetics[ J]. Aquatic Botany,2005,81(1) :69-84.
AL EMNARS . T R X /N A B R S
S [T]. 1 PG Rk B} 2, 2016, 44 (10)
1446-1449.

B AR WA 5 R 9O 0 BT B R e g gk
JELT]. vedb H Y 24k ,2006,26(10) :2186-2196.
WRA T, A W87, B 5K 2. M R YOt 3 ) % T HAE
T BL 0 A B GE b g R [T ] W7 LRk 2E R,
2006,18 (1) :51-55.

A T2 00 3 0 XY 8 NHL O 6 5
AT A SR 22 5[], 1185 4R ,2007 ,44(3) .
508-515.

Bro A sk WowE , AN, AL Bl L (NH, /NOS ) X
ARV R R A RCRKFE G £ AL [T]. M st gkl K
H224R) ,2007,30(3) . 73-77.

Schortemeyer M, Stamp P, Feil B. Ammonium tolerance
and carbohydrate status in maize cultivars[ J]. Annals of
Botany,1997,79 (1) :25-30.

W EGR RS AR (M. dE . A
fR Ak ,1995.

FEIBOE, sk b . JEEO A FEN R B S SR
Mg ], KLk R ,2003,9(2) :28-30.
WHE. Y AR50 FAYE (M) Jex.h
FE A0l i fR A, 2001



44

Ty R A A

%46 %

[28]

[29]

[33]

ML, SRR AR E W, 5F . AR RTE S AR E IR X N
SRR BRI [T ], £E 24 4% ,2000,26 (1) :53-58.
EHR B AFETESARR X Rk 4 i
AR R SHOKEEY SRR [T]. L5
Z.,2014,38(22) :18-23.

IV VR SR YT, S BRI A R
BOGE I B e R [T T A W AR A 2 4, 2010, 34 (8)
989-999.

WA B S 8 IR G2 /N B ORI SE 4 E  O8 I Y
AT HLHI LD ]. 2290 H Rk R ,2016.
(FREr oy E-NENEE oL S A R RS RN S
RO [T]. A8 Y A B 27 0 IR, 1991, 27 (4) .
277-279.

Barickman T C,Kopsell D A. Nitrogen form and ratio im-
pact Swiss chard ( Beta vulgaris subsp cicla) shoot tissue
carotenoid and chlorophyll concentrations [ J ]. Scientia
Horticulturae ,2016,204 :99-105.

ViR, TR BRSO, 55 R R E 38 0 RDRE S 0 &)y

[35]

[37]

[38]

ARG R [T]. 5k A4, 2012, 29
(10) :1574-1580.

XA RALAS, BE SR ARDEI T AR IB SN F
i A Bk e 5 B D' P R Py S [ 7). AR ) A B
if 11,2004 ,40(6) :680-682.

Lu Y X,Li C J,Zhang F S. Transpiration, potassium up-
take and flow in tobacco as affected by nitrogen forms
and nutrient levels[ J]. Annals of Botany,2005,95(6) :
991-998.

Tra s, TRl ORIRSE, . AR SN SR H
oA R R SRR g [T ] B Rl R 2
#,2013,18(3) :39-44.

Zhou Y H,Zhang Y L, Wang X M, et al. Effects of nitro-
gen form on growth, CO, assimilation, chlorophyll fluo-
rescence, and photosynthetic electron allocation in cu-

cumber and rice plants[ J]. Journal of Zhejiang Universi-

ty-SCIENCE B,2011,12(2) :126-134.

(L% 36 ®)

[20]

[21]

[22]

[23]

[24]

[25]

[27]

Flowers T J. Improving crop salt tolerance[ J ]. Journal of
Experimental Botany,2004,55:307-319.

VRS . PEG i Xt 2 i B 3 40 o 28 B4R AR 45 A
MR [ T]. Holk =4 ,2008,17(1) :66-70.

FRAHE. i 2 50 1 22 3 R 3t 1% % Ak B LR ) 25
AR HD]. BT H K% ,2014.

B 205 . AN [ 2 PR &Y 6 0K X 38 T 38 1) SRR M R it
BLERWFSE [ D] . 382 1l R A4 olk K27 ,2007.
I, & BUEE, R AHE. MW BT 5 35 03 A9 AF 5
PERLT]. P ER2=E R ,2015,31(24) :137-142.
THE. 18 Tl 245 A= R B R Wi 24 01 0 4 v 200 B T
kL BCBF S LD ] MR RE A Bl R R
2,2004.

LR I =5 5 e o N [ e S N D 1R A & i R 1
W LLBE T [T ], 3 A ol R 2 27 4, 2006, 28 (2) -
123-126,132.

AP, BB A 50 ZE, A5 BRI aE X EORTH £ R 5
BUR R B LA A BAE (LA AR RS2 M [T ] A 4 A= 2R
4R ,2011,47(5) :459-462.

Huang Z R,Long X H,Wang L, et al. Growth, photosyn-
thesis and H*-ATPase activity in two Jerusalem arti-
choke varieties under NaCl-induced stress[ J ]. Process

Biochemistry,2012,47(4) :591-596.

[35]

[36]

[37]

Storey R, Walker R R. Citrus and salinity [ J]. Scientia
Horticulturae , 1998 ,78 (1) :39-81.

IV XA R Bl R AR T SR PE R SR gt R [T ). A
W 2FR ,1998,10(3) :118-124.

REHESE B2 07, E 0, 55 R 0 X O [ A Y B
KA A= [J]. T 5 X ROk aF 5T,
2010,28(2) :109-112.

T, FIFE RGN, SF. K 43 0 30 X 4k 41 4 AR
PEEA KB R R (1], N5 555 42 Y22 4l
2003.,9(6) :588-593.

KM, KT A N R) S R K W R 0w 40T R
LRI [T]. B KPS ,2016,24(5) :61-67.
BB SRR S B OK 4 i T R R AN &
EWRBEERBETY [J]. REEAR % b % 4, 2015,22 (1)
69.

BREAR XU, R, & R 3RR R R & B B £
PERA WL 22 [ T]. 48 9 A4 3 % 41, 2015, 51 (10) :
1597-1603.

PR, XA R, T A&, 5 K AR A & 0 Y T 1k
Zm 1] et 4, 1994 (1) < 1-7.

Fu R, R NES R CR R
AR BAE AL MR A R G HR BE 43 B [T ] b B Al B
2 2007 ,40(11) :2452-2459.



