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Effect of phosphorus application rates on sunflower growth and soil microflora in severe saline land
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Life Science, Beijing Institute of Technology, Beijing 100081, China )

Abstract: We conducted barrel planting experiment to investigate the leaf protective enzymatic activities, dry matter accumulation, P uptake
of sunflower and the variation characteristics of microflora in soils with different levels of P supply. Four P treatments was implemented in—
cluding CK(0 kg-hm™2), P4(60 kg-hm2), P8(120 kg-hm™) and P12(180 kg+hm™). The results showed that applying P significantly im—
proved sunflower leaf protective enzymatic activities, and the leaf SOD and CAT activities were significantly increased when the P applica—

tion reached P4 level, further increase at P12 level, but POD activity was significantly increased only when reached P12 level. The leaf MDA
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content kept pace with SOD activity and it significantly decreased by 31.40% compared with CK only at P12 level. The leaves, seed, root dry

matter weight and the roots/shoots ratio of sunflower were significantly higher under P12 than that under other treatments. Meanwhile, the P

accumulation in seed and root increased with P supply, also the P contents at shoot and root under all P treatments were significantly higher

than that of CK, but no significant differences occurred between P12 and P8. Furthermore,P application was conductive to the P transporta—

tion from roots to overground parts. We also found P application significantly increased the quantity of cultivable microorganisms by regulat—

ing sunflower root system and improving soil microenvironment, and P12 treatment presented the greatest increase in bacteria, actinomyces

and fungus quantity and also showed the most abundant species of dominant microflora with a large number of Arthrobacter at flowering stage

and Kocuria, Staphylococcus and Chitinophaga after sunflower harvest.Compared comprehensively, applying P with 180 kg +hm™ in severe

saline land in Hetao Irrigation District can significantly increased the leaf protective enzymatic activities, promoted sunflower growth and P up-

take and thus strengthened sunflower stress resistance, in the meantime increased the soil microbial diversity.

Keywords: severe saline soil; P application; sunflower; protective enzymatic activity; P uptake; soil microflora
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Figure 1 Effect of different phosphorus application rates on sunflower leaf protective enzyme and MDA at flowering stage
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Table 1 Effect of different phosphorus application rates on dry matter accumulation in various organs of sunflower

JGEL i )5 & Shoot dry matter weight/g-#k™ WATE W
Treatments 25T Stems I K- Leaves {E4% Discs ¥Eki Seeds 4 Total ~ Roots dry matter weight/g+ ¥k Roots/Shoots/%
CK 24.32+1.35¢ 11.74+0.69b 16.69+0.61¢ 18.84+1.27¢ 71.59¢ 7.89+0.87d 11.02d
P4 29.06+1.53b 12.60+0.77b 19.34+0.73b 21.30+0.95¢ 82.30b 10.01£0.40¢ 12.16¢
P8 32.33+1.10a 12.87+0.87b 21.36+0.55a 30.61+0.61b 97.17a 13.26+0.76b 13.65b
P12 34.04+0.90a 15.32+0.98a 22.44+0.63a 32.96+0.54a 104.76a 15.75+0.39a 15.03a

T AF/NE FRFIRAL BERITE 0.05 KF E2ERRE . TR,
Notes ; Different small letters mean significant difference at 0.05 level , the same below.
R 2 FEIMEREE A IE X | EWIR B R R E R R0
Table 2 Effect of different phosphorus application rates on phosphorus accumulation in various organs of sunflower
Qb Bk B P & Total P of accumulation per plant/mg - fk™! 7 P it Content of P/mg-g” 1y F#p& PRARE S P&
Treatments Z£% Stems ' H- Leaves 1648 Discs FPRE Seeds HIZ Roots  Hb 3B Shoots K2 Z Roots Content of P in shoots/roots
CK 5.66+0.29¢  5.47+0.92¢ 3.45+0.45¢ 46.53+8.81d 2.77+0.34d 0.85+£0.078¢  0.35+0.018¢ 2.43
P4 7.07+0.21b  10.52+2.01b  5.01+0.39b 69.43+4.42¢ 4.01+0.60c 1.12+0.078b  0.40+0.022b 2.79
P8 8.14+0.50a  16.52+1.18a  6.49+0.51a  107.58+£3.77b  5.78+0.49b 1.43£0.064a  0.44+0.015a 3.28
P12 8.44+0.28a  17.30+0.75a  7.11x0.76a  120.25+7.34a  7.11+0.14a 1.46+£0.098a  0.45+0.014a 3.24
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Table 3 The number of bacteria, actinomyces and fungus in saline

soil under different phosphorus application rates

R

AbFE 4HES Bacteria/ HL Fungus/

I Period Treatment  10* cfu-g™ Af (l)l;l:;: y;i / 10% cfu-g™
A CK 25+4.52¢ 55+2.91d 3+0.29¢
Flowering stage P4 43+5.00b 74x231c¢ 9+1.41b
P8 50+2.69b 96+7.37b 16+2.71a
P12 64+3.93a 119+3.72a 19+2.03a
A CK 74+3.61d 29+3.00c 9+2.47b
Harvest stage P4 87+4.36¢ 45+4.36b 18+1.26a
P8 97+2.00b 54+3.61a 20+3.36a
P12 127+2.65a 55+2.65a 21+291a

Rl —AE IR ING RS R A BB 7E 0.05 K255 2.
Notes: Different small letters mean significant difference at 0.05 level

in the same period of sunflowers.

MR 2, W2 T A =403, 4351 L CKL
P4 F1 P8 &5 156.00% .48.84% .28.00%, {H.P4 Fi1 P8
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BIHETIN 22.22% 89.66% . 55 4 A FI LR R AH EL , FLTA
BH /D R AC B A B R R R P W S T
CK,P8 F1 P12 4b¥JC2: 5, {HE & T P4 Fil CK 4k
BRI, it Ak 38 ) B TR R T
25 AR E ST CK b3,

DA 25 SR B it 1l 2 2 0 1 R AR o -
AR . FLRTE T, Bt . A T
M ARER R RN F AR A
PRME TEEGYRER, L T HAE AR Rtz
Hh IR IR E SR A S Y AR AR S T
A K, ARV, LR Y REA AR A X
[ 2 A Bl EL , 7 R ) R b 1= 38 v LM AR 16~
75, Y R AR AR B B TR BN TUE
S (4 PR PR 750, A ok 7 R Eh i, HL 3K
HAAE FARBE AT, SN I A TCHLBE 5 |, A P R g
M g b T DL 2 IR IR Eh B 2R SR AE T
YA AR T Bl b, 3 T RUE i ARt
G LA SCHE A P R B (3R 4), - AT 20 5 2
W R AT E R H B R AR R (P
0.01). FiAb, jtaffia ot AR 1- 58 pH 3 it 52 m i A=
Yoy o D SR WAl A H ARl B pH YE
TSNS STUNER ¢ A8 Xa o N €= AL S L VR AR A
P 38 ARG Y - S e AR T L R L D PR Y B
B AR . AN S I ER R 145 pH (7 8.2~9.0 Z ],
BRI T 8 pH {E, 2% T LI HPE, B A
FITH LR E A, 3R 4 W88 pH E S5
TR A DA T4 B0 ] S R 2 TR C E R (P<0.01) . 5
FRACHAR L, B 2R OIR J5 i 2 D At IR AIG, B T
BEACH 2 OIR e pH BB LA K, 148 pH W REAN &
AR LRI E 2R N A, il 2% 14
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ihﬁfzi SEFEIN  (AAHIFTE B 43 5 R i ik
A RHCR B B AHSE(P<0.05),
2.5 TEBEXI AIEF M B A BN
A b X A Kb TR o 1 T B SR A T B A

TEHEAT Oy B AL AR , AR A B SRS
(£ 5), ATLAE M, A FEsE e P R R 2 A
PEA IR, DL B A SR B A S it 5 A 398 o iy
e TERAEI, &I A A AT E R
(Bacillus ) A5 B M 5 )& ( Pseudomonas ) , P8 F1 P12 Ab
PGS RERPSAAR] %8 CK A1 P4 B 5, A ¥
W Z BRI & (A rthrobacter ) ,{H P12 ZbFEA T EC
T P8, BSOS A AL B R 2
BEAEI B AR 2 434 A 2 MUAT T )& (Bacillus )
F R FTF 8 (Brachybacterium ) , P8 Fl P12 Ak FRA
PNTERERNE 55 A 7% 5 IR T B (Kocuria) Hi %5 3K T J&
(Staphylococcus ) FlWE JL T 5 & J& ( Chitinophaga) , 5
BEACHIAHIE], 22K P12 A BROE S i B & T
P8 AR, R R MR i LA L IS P
1RV E SR 2R W2 53 I T 2 008 F TR
A TR O3, IX ST 2 TR T2 o0 A1, R B
i+ ERUE R R RS E] Tk

o S 2 , AT TP ] B SRR YIRS O b
J A T 3 R A, e P B X A R O T LA

Fi R B B SR AR AT & 4 R Z RO E AR K A
WEE ARG IR R IR — SR A 5 T R SR
S, BEAS AR THI M VAT HR R 3 b T B SR A P Y
TRV G AR AL o ol P o 20 A 0 P T B AR W UK
A YIRS SR R R B B T (R AR HURL
A=W 5 DNA B 20 LR ARV, AR5 AR PRk
TACPRIFE AR SREN , S T S 225 v 20 6 ) e 45 SR A AN RE 5
AR LI REYRER AR

3 it

(1) FE B Ehmd h 3 i i RE A5 0 25 2 =y 25 i I
P T 7, SOD .CAT F1 POD {5 P4 ¥4 7 it &t 15 3]
P12 W0 s 1 - MDA % it 5 SOD 1& PR K5
FHXE A TERRE i P12 A 908 2 T

(2)F B ER I A e B 38 P12 /KPR, g2kt
R KPR AR R 25 55 i 2 Y T A 2 e
TEERTERE . AR, g5k
L L b e = T i WA £ N NS S o A
RSN R, IFH SR AR RE R,
TiAh  HEE EEE A T A A A TR S R
] RS s .

(33 it e 2o AR R A A DA S S PO SR 1
Y R HEANTE R B A AT I SR AR Y R

x4 REUREHMEYHES 0~30 cm TENEIBIRZ BHHEXME

Table 4 Relationship between soil microbial number and its affecting factors after sunflower harvest

BB Available P Eh4r Salt YME Bacteria  HUZREH Actinomyces  FL[ Fungus
A % Available P 1
£h4) Salt -0.462 1
pH —0.737%* 0.495
2 # Bacteria 0.953** -0.37 —0.709%* 1
TR B Actinomyces 0.876%* ~0.679* _0.804%* 0.795%# :
FLHH Fungus 0.848%#* -0.574 0.710%* 0.855% 1

T o * AR BFERAE 0.01 A1 0.05 /K- [ AyAH e

Note: ** and * correlation is significant at the 0.01 and 0.05 level.

RS FEEHELEAEREBERMERYE

Table 5 Species and quantity of dominant microflora under different phosphorus application rates

A3 Treatment JEAEW] Flowing stage HRI] Harvest stage
CK Bacillus(7) .Pseudomonas(3) Bacillus (44 ) .Brachybacterium(3) .Staphylococcus(5)
P4 Bacillus(6) .Pseudomonas(6) Bacillus (36 ) .Brachybacterium(3)
P8 Bacillus(4) .Pseudomonas (4 ) \Arthrobacter(9) Bacillus(55) .Brachybacterium(4) .Kocuria(10) . Pseudomonas(4)
P12 Bacillus (12 ) . Pseudomonas (4 ) \Arthrobacter(15)  Bacillus(67) .Brachybacterium(3) Staphylococcus (11) ,Chitinop haga(7)

A5 S NOAIER TRE R

Note: The digital shows the number of dominant microflora in soil.
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