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Effects of organic fertilizer on photosynthetic characteristics and
yield of sugar beet under mixed saline alkali stress

YANG Fangfang, LI Caifeng, LIU Dan,ZOU Chunlei,
WANG Yubo, WU Peiran, LIU Lei

(College of Agronomy s Northeast Agricultural University , Harbin, Heilongjiang 150030, China)

Abstract:[Objective] The effects of different levels of organic fertilizer on growth, photosynthesis and

chlorophyll fluorescence characteristics of sugar beet under mixed salt and alkali stress were studied to pro-

vide references for improving saline alkali soil. [Method] The sugar beet cultivar KWS0143 was selected

and saline alkali soil environment was simulated by a pot experiment. NaCl, Na, SO, ,NaHCO; and Na, CO,

were mixed with the proportion of 2 ¢ 1 ¢+ 4 : 2 and Na percentage in soil mass was 0. 88%. There were 6

treatments including CK (no fertilizer) ,S (saline alkali) ,SF1 (saline alkali+1 500 kg/hm? organic fertiliz-
er),SF2 (saline alkali+2 250 kg/hm’ organic fertilizer, SF3 (saline alkali+3 000 kg/hm® organic fertiliz-

er),and SF4 (saline alkali-+3 750 kg/hm® organic fertilizer). The photosynthetic pigment content, photo-
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synthesis,chlorophyll fluorescence parameters, dry weight, root/shoot ratio and yield of sugar beet were
measured and analyzed. [Result] Under saline alkali stress,the application of organic fertilizer could signif-
icantly (P<C0. 05) improve gas exchange parameters of blade (Pn,Gs, E and Ci), chlorophyll content,
Fv/Fm,Yield(Ill ),qP,ETR, dry biomass, root shoot ratio, root yield and sugar content, while decrease
NPQ of sugar beet. With the increase of organic fertilizer concentration,above indexes of leaves firstly in-
creased and then decreased,except for NPQ. Dry biomass,root shoot ratio and yield also increased followed
by decrease. All indicators performed the best with the 3 000 kg/hm?® organic fertilizer treatment. [Conclu-
sion] Applying organic fertilizer could significantly increase chlorophyll content,improve photosynthetic

characteristics and chlorophyll fluorescence characteristics,ease stress injury,and increase dry matter accu-

mulation, yield and sugar content of suger beet. The treatment of 3 000 kg/hm* was the best.
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Different lowercase letters mean significant difference among treatments at 5% level. The same below
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Effect of organic fertilizer on chlorophyll a of sugar beet leaves under mixed saline alkali stress
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Fig. 2 Effect of organic fertilizer on chlorophyll b of sugar beet leaves under mixed saline alkali stress
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Table 1  Effect of organic fertilizer on photosynthetic characteristics of sugar beet under mixed saline alkali stress

*1

Sampling date
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Fig. 3 Effect of organic fertilizer on carotenoids content of sugar beet under mixed saline alkali stress
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B
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PiAE L

HUAE H ) Sampling date

PhotosythQtic Tre%ffem
characteristics 06-22 07-12 08-01 08-21 09-10
CK 9.90+0.88 b 11.46+1.94d 13.41+3.48 ¢ 9.97+2.56 ¢ 10.93+0.90 d
S 7.94+0.83d 7.08+£1.92 e 9.13+1.78 9.76+£3.87 ¢ 8.114+1.13 f
(p_mol°i1n’/2 s 1) SF1 8.58+0.32 ¢ 14.92+3.76 ¢ 16.21+2.19 ¢ 16.004+3.25 ¢ 13.69+0.34 ¢
SF2 10.28+0. 26 a 16.43+1.05 b 17.20+3.34 b 16.40+1.53 b 13.76+£1.36 b
SF3 10.46+0.14 a 18.18+0.41 a 18.61+2.35 a 17.15+1.27 a 13.95+0.15 a
SF4 8.0940.67 d 14.90+2.89 ¢ 15.47+3.68 d 12.00£1.53d 11.42+1.04 e
CK 1.7240.48 ¢ 1.9240.41 ¢ 2.30+0.43d 0.7740.26 ¢ 0.56=+0.29 d
S 1.2740.14 d 1.5240.32 d 2.09£0.25 ¢ 0.7640.72 ¢ 0.427+0.01 e
(mmol'Fr;léz ) SF1 1.81+0.07 ab 2.3840.66 b 2.564+0.02 ¢ 1.1840. 24 ab 1.14+0.07 ab
SF2 1.904+0.07 b 2.4440.24 b 3.09+£0.67 b 1.2840. 31 ab 1.254+0.17 b
SF3 2.16£0.12 a 2.8340.41 a 3.63£0.39 a 1.364+0.23 a 1.33+0.43 a
SF4 1.8040. 18 ab 1.8240.27 ab 2.28+0.51 cd 0.8540.23 b 0.8540.36 ¢
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KA AR ] b 3 W H ) Sampling date
Photosynt'he'tlc Treatment
characteristics 06-22 07-12 08-01 08-21 09-10
CK 298.10436.02 ¢ 573.231+46.69 ¢ 594.074187.20 e 250.774+24.02 ¢ 237.58+35.11 ¢
. S 241.074+11.87 d 349.30+26.59 ¢  574.124105.48 232.90+8.30d 162.43418.24 d
(,Lmol('/lr/nol*l) SF1 271.53+13.76 b 581.50+35.33 ¢ 604.63+51.99 ¢ 261.204+22.00 ¢  258.70+34.75 b
SF2 317.034+27.16 b 602.80+44.59 b  706.204+4.08 b 278.97+22.81 a 257.73+26.36 b
SF3 322.40+33.73 a 639.97+36.81 a 745.00440.27 a 285.53+36.26 a 287.73+47.14 a
SF4 304.37419.37 ¢ 417.30£131.09 d 588.234115.64 d 258.474+9.09 b 258.23+14.81 b
CK 55.0443.47 d 67.6843.48 e 67.8543.94 d 53.53+£4.75d 52.3042.46 d
. S 43.40+1.88 ¢ 52.06+9.73 f 55.05+1.88 e 43.194+1.15 e 37.75+5.47 e
(mm()l-(;rjiz e 1) SF1 56.34+3.83 d 67.83+5.27d 69.03+3.83d 60.20£6.94 ¢ 58.50+5.07 ¢
SF2 64.814+4.25 b 77.10£6.36 b 78.934+0.78 b 64.89+0.78 b 63.134+5.87 b
SF3 78.1342.09 a 79.65+8.87 a 81.9242.09 a 69.18+£9.18 a 69.18+3.19 a
SF4 61.5840.95 b 69.66+1.41 ¢ 70.1040.95 ¢ 60.42+1.97 ¢ 59.91+4.13 ¢
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Note: Different lowercase letters in each column indicate significant difference among treatments at the 5% level. The same below.
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Table 2 Effect of organic fertilizer on chlorophyll fluorescence parameter characteristics of

sugar beet under mixed saline alkali stress

uf?hizlﬁiﬁ Qb 3 WAt H ) Sampling date
fluorescence Treatment
parameters 06-22 07-12 08-01 08-21 09-10
CK 0.6640.01 d 0.6840.07 ¢ 0.7240.01 ¢ 0.76+0.01 ¢ 0.737+0.01 e
S 0.5740.03 e 0.5540.02 d 0.6640.04 d 0.6840.01 d 0.6840.00 f
Fu/Fm SF1 0.71240.00 ¢ 0.74%£0.02 b 0.7540.03 b 0.772+0.00 ¢ 0.76+0.01d
SF2 0.7440.02 b 0.78+0.02 b 0.7640.03 b 0.79+0.01b 0.787+0.00 ¢
SF3 0.80%£0.00 a 0.847+0.01 a 0.8140.01 a 0.82+0.01 a 0.83£0.01 a
SF4 0.75£0.00 b 0.80£0.03 a 0.80£0.01 a 0.792£0.01b 0.800.00 b
CK 0.534+0.01d 0.5140.01d 0.5540.01d 0.5440.01 d 0.4740.03 d
S 0.4840.02 e 0.4370.06 e 0.4640.02 e 0.47+0.02 e 0.43740.03 e
YieldC ) SF1 0.5840.01 ¢ 0.54+0.02 ¢ 0.6040.01 ¢ 0.56+0.01 ¢ 0.51740.01 ¢
SF2 0.65+0.01b 0.62+0.05b 0.64+0.01b 0.59+0.01b 0.55+0.01b
SF3 0.79740.00 a 0.80=+0.00 a 0.66+0.00 a 0.64+0.01 a 0.58+0.02 a
SF4 0.6540.01 b 0.68+0.01b 0.65740.00 a 0.64+0.01 a 0.61£0.01 a
CK 49,1740.78 d 53.13+0.71d 47.43+2.12 d 47.434+1.40 d 38.80+1.42 d
S 45.30740.46 e 48.70+1.06 e 42.17+3.87 e 41.4040.92 e 33.07+0.71 e
ETR SF1 54,20£0.61 ¢ 54.9340.51 51.8740.47 ¢ 50.17+0.75 ¢ 44.43+1.36 ¢
SF2 55.47+0.80 b 56.43+0.35 b 54.0040.44 b 52.73£0.96 b 48.0740.25 b
SF3 57.20%£0.30 a 58.1740.35 a 57.0040.01 a 54,83+0.31 a 53.1740.85 a
SF4 56.30+0.21 ab 57.1040. 30 ab 56.1740.42 a 53.50+1.08 a 52.07+0.75 a
CK 0.7640.02 ¢ 0.697+0.02 ¢ 0.7740.02 ¢ 0.74+0.03 ¢ 0.6940.02 d
S 0.6640.09 d 0.58+0.08 d 0.65+0.12 d 0.69+0.03d 0.63£0.02 e
qP SF1 0.8240.00 b 0.73£0.04 ¢ 0.8040.00 ¢ 0.79£0.03 b 0.7540.01 ¢
SF2 0.85+0.01 b 0.82+0.00 b 0.84+0.01b 0.82%+0.01b 0.78+0.01b
SF3 0.924+0.00 a 0.90+0.01 a 0.934+0.01 a 0.934+0.01 a 0.83+0.01 a
SF4 0.9140.01 a 0.85+0.01 a 0.90=£0.01 ab 0.91£0.01 a 0.827£0.01 a
CK 0.4940.01 a 0.27+0.01b 0.6140.03 b 0.30+0.01b 1.3740.05 b
S 0.50740.00 a 0.29740.01 a 0.6840.02 a 0.347£0.02 a 1.5140.05 a
NPQ SF1 0.37+0.01 b 0.24+0.02 ¢ 0.53%+0.01 ¢ 0.254+0.01 ¢ 1.08£0.02 ¢
SF2 0.3240.01 ¢ 0.224+0.02d 0.3840.01 d 0.18+0.01d 0.894+0.01d
SF3 0.25+0.01d 0.137+0.01 f 0.244+0.01 f 0.08+0.01 f 0.474+0.01 f
SF4 0.2740.01 e 0.1940.01 e 0.32£0.01 e 0.14+0.00 e 0.6640.01 e
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(1) it JE 7K RE 4 i i 3 (9 S B Ak S 0R A R
R BOGRE I R I GG Bk R Ak AL 7T R
(38 57

2.3.3 qP # NPQ qP Bt 2 K R Ml il
T oAb 2 B T 51 5 VR K W] DL B R S5
CID (PSID JEHIHL 7 32 8 QA B E AL IR AR ZS ,
EB R R PST A 743 TG MR, 3R 2 2%

RFEU RGO E T P IR TR, HSH
i1 4b B 22 S 138 B 2E UK P (P<20. 05) , 3% W] £ ik
e A W TG AR H LA CO, [Ffk
AR VR A U E T A LIS oP B L
Th HBEE IS K38 & . o P BETHE B, 4
ANt IS 4b B3 5 S Al CK 4b BiA7 78 & % M 25 &
(P<20.05), Hih L SF3 AbFEAY ¢P Bk,

NPQ f5AE b 2% Vi K R Je e PSR4 £
2 WO RE R T ARGFE O L L BOE Y NPQ
A A T3k T O RE Y S i RE R, DT S 0 R G Y 4
g L2 EREMSXFEAMLL.T A 12 HIER
A ROk R 0 NPQ B B FH i . H 5 H A Ak
1 2% S Al 35 B i 2K S (P<<0. 05 ), 136 BT $h i i 38
T 32 B A 1 B O Ok AR PO A L
B PSIT Sz e 1Y T J3CRRE B R AR T Pk 0 553 5
5 CO, [EE M 5D =8OR B, WA
B E R A HLIE S5 NPQ 3% K [, H. bl % it
JEACE B4 & NPQ R 5 oP #1128 fk
o4 AR FE R NPQ 5 X B (CK) A1 S 4h P
M 2% S 15k 58 5 K - (P<<0. 05) . Hitp L SF3 Ak 3
1 NPQ /.
2.4 AN EEHBHEHEEVESRTELEL

sp-A)

B 2% 3 W] LU VR G Eh 0 38 1 S A bk T
Jot AR T AR S L 0T BRI 2 AT, R e
T A HUIE AT S A S e R T R AR T
Jo e RN SEE b {EL il 2 it S 1) 39 S 4 kT TR
R T AR O b B R S R R R
SF1<CSF2<CSF4<CSF3, 7£/ [a] B f 10, & A L
JIES Acb 34 ik 3 4 T B it AR T 5 A RIAR G L Y
& F CK fi1 S 4 #E(P<C0. 05), Ht L SF3 4b # 4
PR 0T o AR T 0T FAR e b e s L At it JIE 7K
25 8 3 (P<<0.05),

®3 BIEMREEHBEHEHRENESRELH M

Table 3 Effect of organic fertilizer on biomass and root shoot ratio of sugar beet under mixed saline alkali stress

AT b 3 W H ) Sampling date
Index Treatment 06-22 07-12 08-01 08-21 09-10
CK 1.1340.02 d 3.18+0.03 ¢ 12.5340.15 d 32.36+0.04 ¢ 33.59+0. 04 ¢
JOTENy S 1.0440.03 e 3.05+0.03 e 9.8140.21 e 30.68+0.11 [ 33.13+0.03
(g« # D SF1 1.2940.01 c 4.27+0.02 d 12.9740.07 c 33.74+0.02 d 34.38+0.03 d
Total dry weight SF2 1.32+0.03 ¢ 5.64-0.04 ¢ 13.94-40.08 b 34.3740.15 ¢ 43.4540.04 ¢
SF3 1.46+0.03 a 10.50+0.47 a 15.67+0.30 a 37.50+0.10 a 52.90+0.08 a
SF4 1.414+0.01 b 6.57+0.15 b 15.4340. 11 a 36.56+0.04 b 44.05+0.04 b
CK 0.1540.01 ¢ 1.3440.02 c 5.9340.05 ¢ 19.4940.04 ¢ 21.11+0. 04 ¢
=y . —1
MR/ (g - BT s 0.1240.01 f 0.9540. 03 { 3.4740. 05 f 13.8840. 10 f 19.1740. 03 f
Root dry weight
SF1 0.21+0.01 d 1.9540.02 d 6.9740.02 d 20.79+0.03 d 23.06+0.02 d




80 P LA ARBL HOR 2= 4 (A R F O 54T %
&R 3(&) Continued table 3
T fb3m W 0 #) Sampling date

Index Treatment 06-22 07-12 08-01 08-21 09-10
TR/ SF2 0.2640.02 ¢ 2.0240.02 ¢ 7.4840.02 ¢ 21.7540.03 ¢ 30.2340.02 ¢
(g kD SF3 0.3340.01 a 6.1470.02 a 9.1440.02 a 23.9840.02 a 43.7740.02 a
Root dry weight SF4 0.2940.01 b 3.3340.02 b 8.4340.02 b 22.1840.02 b 33.7440.05 b
CK 0.1640.01 ¢ 0.5440.01 e 0.8140.02 e 1.14+0.02 e 1.58£0.03 e
_ S 0.1340.02 ¢ 0.4740.02 f 0.5540.02 f 0.8040.05 f 1.35+0.02 f
Rfj{ﬁim SF1 0.2140.03 b 0.7340.03 d 0.89+0.04 d 1.28+0.03 d 2.2840.02 d
SF2 0.2340.03 b 0.9040.03 ¢ 1.16+0.03 c 1.73+0.03 ¢ 2.3140.03 ¢
SF3 0.2840.02 a 1.53+0.04 a 2.6340.06 a 2.8840.04 a 4.9040.06 a
SF4 0.2440.01b 1.06+0.02 b 1.2140.03 b 1.9140.04 b 3.2740.02 b

2.5 ANENESRBEMEHKIRRTESSHE
B A
Hi e 4 AT 550k B EE L R A SR 30l S
BRAR =3 7 W 0 R A A P AR AP AR
B REE 22 R R (P<<0.05), it A HLE)S . &

SRR R L B R LR it A ) 4
IR e T e B A A, o DL SEF3 AR H . Ho R
Fom T IHALPT A AL B, AR DL SFA 4R PR 5 AR
iy YR SF3 AL B, H T 55 SF2 4k # ] 2 G 2
HIES

R4 ANREXMNBEHBMBHFIRRTE FHEEMSEZNIT

Table 4 Effects of organic fertilizer on root yield.sugar yield and sugar content of sugar

beet under mixed saline alkali stress

HpR = it/ PR/ LR Ui = it/ v B EYR
Ak 3t i w1 : 4k 3 - 1

(g« B D (gD Rate of sugar (g B D (g B D Rate of sugar

Treatment . . [Treatment . .

Root yield Sugar yield content Root yield Sugar yield content

CK 131.964+7.76 e 20.944+0.98 e 15.88+0.53 ¢ SF2 204.39424.39 ¢ 32.68+1.84 ¢ 16.13+1.89 ab
s 107.8348.70 f  16.07+1.92f  14.8740.74 ¢ | SF3  277.85+12.63a 49.62+3.49a  17.8540.7la

SF1 159.92419.78d  26.70+2.33d 16.754+0.95 b SF4 232.14+26.70 b 41.77+6.19 b 17.99+1.64 a

3 3

M2 K e 11 R AN AT LA B 0 1) A R B R
MR RS . ARSI R L R 3 2 U5 A
W REAR S IKIIEE, T B30 g R X6 RE 1 Rk
FEAR 08/ Pn B Gs 38 PSSRz ol KOG G H
Tl ke mAEDY . AR E R B OR A W8 4 1
AR AR R AR O G RE I s L bR T
W) IO D 5 T 3 it A LA RE BH B v A 38
SR hEptEE RS EM Pn.Gs E, HFi A AL
JIE i P 2 i 3 L Bl Se M bR SR OLE S
BOEMEMAE LY BT RERES. S8
VTR 1 R TT F  it A A D 2 i R
RA MG R R - EH ZE IR0 R (I N Mg,
Cu.Fe )z, S HMH GRS 2L M AOLE #H
R R R A Y A K . B E FE MR Y
WF 52 0 2 B i A & 3ok 22 25 (A BR AR N BT BT o0 & L
161 2 A o e SO 25 L T 5 ) G SR R L I
AP e AT, AU R E Y e
JIES 7K SF- R S 25 B e AR R SE SRR R T Y
Mo R S A R Pa, 4R B 2 1Y BE A HLY L A
HARAERM T YRR R RLREEY =, A

%

R KB IR A Eh il TP i 3 000 kg/hm® £ 4L
JIE i 25 42 ST R e A RE T i T AR
SRR . X AT AR R A ALIE AT s ket
BN 3 I DR R Ky R E R R AR RAE R B
EE NGO PN LT N 4R e
M Sy A 1 2 A SRR T 75 78 % 30 vh 8 iR 1 K
Sy AR SEAE AR I F Gs B 30, $2 3 i K 3, BT
Vol A0 5 R 300 o 40 L A 8 3 T 3 S T
EX NS AR iR 5 e AV L

3 3 SR 2R B e REE R BT BT LA T MR A
Az R H A 35 B8 a0 R R A BEOIR B AR OE R
B ETR A SR 38 R EE S A 19 Fo/Fm, Yield
(11).qP #1 ETR 81 % F M. i NPQ B &2 T+
LR S0 | &2 T 6l e b A SR AR X 5
IPNEORT/FAETE SEAEE o Nt G o RS N/ S
Jiti FF A [ K- HLAE ¥ RE 3R 8 Fo/Fm  Yield (1) .
qP M ETR , &A% NPQ, i3 W] A HLIE 58 % 15 Ot 417 il
T RN AE e fb 2 A WA BB 5 i G RE AT 3R 38
Ty, 48 AR e L A e D B RLRE 3 000
kg/hm® 7 ALIE AL B RO B . BEE A HLIE it
HHB I, Fo/Fm Yield(11) .qP F1 ETR 78k %
Hitg R & mAEE S 80— NPQ (748 4k fa #0)
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U o 0 T 20 sl st P A ML 5 2 X AL 1
PS I K BEH L 72 A G40 o o 3 T 5 B0 K2 R
BATH R T, D% EAHLELFE L
(9B 7 B 3% 3 1 G A HLIE T 904 A AR A 3
MR R R RO A M RE. A WF ST UE S, 7E 3 000
kg/hm’ A HLILHE K E T - FH 320 KOS HLi 2
5 CO, &R T4 2 e i 715 3 R FOE Rk
2 T ALK W AR 5, oP B WIS A e T
AR B 77 A L R T 4 3R 14O RE R T O A 1R
75 5 22 (A WL A SRR AR A K R L B S
LAt v

2 b A A B X TR A £ 0 3 3 0 AR K
A 88 A P T A BILIE T R s SR
25 2% 7 4 o 3 T SR A0 6 A o R I 4 R SO
P+ % Ak £ B30 XoF G 4 5 5 9T RS T4 5 R 8
R ETEM RS SRR, M 1 500~3 750
keg/hm?® A5 HLAE X 15 B0 W 381 1) 2% if 2 St 5 S A
9 5 25 1F DR HLIE G P 19 2 /0 i e TR )L
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