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Response of sunflower to salt and alkali stress induced by biogas slurry irrigation

FAN Jiaxue', LI Yongtao'?, HU Chuanhe', LI Jie*, ZHANG Zhen**, LI Dongqin’, LI Wenyan®

(1.School of Environmental Science and Engineering, Shaanxi University of Science & Technology, Xi’an 710016, China; 2.College of Nat-
ural Resources and Environment, South China Agricultural University, Guangzhou 510642, China; 3. Research Institute of Wen's Foodstuff
Group Co., Ltd., Guangdong, Yunfu 527400, China)

Abstract: To solve the risk of farmland salinization caused by long—term irrigation of biogas slurry, sunflower was selected as the biogas
slurry—absorbing crop to study its saline—alkali resistance and to conduct field verification. In the laboratory experiment, sunflowers were
treated with different concentrations of neutral salt and alkali solution to simulate the main stress types of salt in biogas slurry, to determine
the tolerance threshold of sunflower during the germination period under salt and alkali stress. At the same time, sunflowers were irrigated
with different amounts of biogas slurry in field experiments, and the growth status and agronomic characteristics were observed to
comprehensively analyze the response mechanism of sunflower to salt and alkali stress. The results demonstrated that the tolerance
threshold of sunflower to neutral salt ranged from 180 mmol * ™! to 240 mmol * L', and the tolerance threshold to alkaline salt ranged from
60 mmol - L' to 120 mmol - L"'. When the concentration of alkaline salt was 60 mmol - L™, the relative permeability of the cell membrane was
24%, which was similar to that of the neutral salt (22% ), but the relative salt harm rate was 32.36%, which was significantly higher than
that of the neutral salt(1.45%). K"/Na" decreased by 91.11%~92.81%, which was higher than that decreased by the neutral salt(79.90%~
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87.33%). Meanwhile, when the sunflower was irrigated with 35 mmol * L' Na’ concentration biogas slurry for a long time in the field

experimenl, there was no significant change in K'/Na" in the low irrigation rate (150 m®*hm™), but the production of sunflower was

significantly inhibited at high irrigation rates (600 m*+hm™), and K'/Na" decreased by 57%~88% in all tissues. The results showed that the

damage of high pH caused by alkaline salt is more harmful than that by salt ion osmotic stress, and the alkaline salt would destroy the ionic

homeostasis of sunflowers to a greater extent and affect the germination and growth of sunflowers. Furthermore, we found that the content of

HCO5 and CO3 should be controlled when biogas slurry is used as reclaimed water for the irrigation of agricultural lands, and the pH of

wastewater should be regulated to reduce the damage to crops. These provide a theoretical basis for sunflower planting in saline—alkaline

land, eliminating aquaculture waste and alleviating salt harm.

Keywords : sunflower; biogas slurry; salt stress; alkali stress; ionic homeostasis
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Table 1 Salt composition, pH and EC of each treatment

Kb T J=E N5 53U Saline concentration/(mmol - L") EC/
Treatment Total salinity/(mmol L") NaCl Na,SO, NaHCO, Na,COs pH (mS-em™)
CK 0 0 0 0 0 7.14 3.77x10°°
A 60 54 6 0 0 5.16 5.41
120 108 12 0 0 5.15 8.95
180 162 18 0 0 5.11 12.61
240 216 24 0 0 5.04 16.11
B 60 0 0 54 6 8.62 4.17
120 0 0 108 12 8.66 6.89
180 0 0 162 18 8.72 9.34
240 0 0 216 24 8.89 12.01
e T R T i DX, A I 2R B RS 55 A AR IE (2) T Eh 5% (K)
YN X LR 3 mx24 m, FAE 2 4 50 emX 60 K=Y (GR+GV+GI)/(mxn) (2)

em, SEEGHE 0~20 em )2 FRAL PR LR 2, - 3ERH FH =
T AR 3, TV B S B PR 5 i W 4, TH
W Na MR E 278 35 mmol - L' yMZEFIMAE— H I TR
TRV PRI W TR o X B P R VR W A 150 m
hm ™, B VH B E  X A VA W 4 600 m’ - hm ™,
TR A A B AL 5 Uk, T 25 B B LA 15
PRUES TR R AERE B Pl R S A SR o
1.3 MiktErr 5 FH &
1.3.1 FhFifk
MR IR B K B2 S TR R
2L T d B H LSRRl A I ARSI AR S EL
(1) & 2% (GR)

GR=(K ZEFPFEUHRFT T 50 %100 % (1)

KGR NEZFH GV IR ZFHR(CV=553 d K ZERIFI
FHUPLRFI T Fx100%) 5 GI R K& 2EH8 50 (GI= Y. Gt/
Dt,Gt 1 H NI R ZEE, D AR I R KB smh
TIEAEARIEL , n hy Eh U AR B

(3) A% ERE K (RSH)

RSH= (X} BE A 11 & 2R -4 BEFP 717 %2 %) /%F HR
il 1] & X100 % -
1.3.2 W 5 2 L RS AH o325 e

20 0 A X i P < B 0.5 g B B A I 8 I g 4 4
FH TG V& 28 A8 K e T34, P U 4R T il 3R 1T 7K
A3, BIREM B A BN 50 mL/NEEAR , i A 30 mL 2848
K AR R 58 AR AR K R 24 h RS R LS
S 2 e B PN VAR T F S 6 RO LR L, BB

K2 TEBYMER

Table 2 Physical and chemical properties of soil

. LR EC Tk Aadh B BR
P (S em™) Water content/% Total salt/(g-kg™) Total phosphorus/(mg-kg™) Total nitrogen/(mg-kg™)
8.21 255 13.33 1.53 372 1360

®3 TEPHEETFEE

Table 3 Content of anion and cation in soil

Na'/(mg-kg™) K'/(mg-kg™) Ca™/(mg-kg™")

Mgz*/(mg'kg”)

HCO3/(mg-kg™)

SO /(mg-keg™) Cl'/(mg-kg™) NO3/(mg-kg™)

10 235 20 620 24 800 8 740 296.67 71.59 378.90 32.90
x4 BREUEREARETFRE
Table 4 Content of anion and cation in biogas slurry
0 S REC/ 2 Na'/ K/ Ca™/ Mg™/ HCOs/ SO/ NOy/
p (mS+em™) Total sa]t/(mg-[f') (mg-]f‘) (mg-[f') (mg-]f‘) (mg-L") (mg-[f') (mg-],") (mg-]f‘)
7.82 3.11 3082 811.9 121.6 69.34 25.77 3119.54 20.16 8.06
http://www.aed.org.cn —195—
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Bt & 2F 468 69.33% AT e~ B il vie B (5255 2 35 %)
X REZH 2 25 2% 50% I X R IR ) 2 F 5240 mmol +
L, R RN 4.67%, 5 CKAH L T [ 88 4N 1 43 4,
Ry 2% - i b PR SR A BB FE 180~240 mmol - L' 2
], B4 N 60 mmol - L Il 28 & 2 R % N
62.67% , B 2 U1 - K il Wk 5 120 mmol - L7 B
3.33%, 5 CKAH HL T B 89 N 43 i, 68 H T 25 Fh 71t
ER A PR 5 180,240 mmol « L7 B,y & Tl 7~ & 2F A2 i
0, R 2 1 Al b A BR (B 7F 60~120 mmol - L' 2.
] A BAbFRLL X ZE R T REUE ZE 2 a3,
B 5 Ve B R K, R R R . (H B AL X R T & 2R %
S R KT A AL, BB SR X R % 2 R 3 1
R, CK LK A BACBRZH 0 FE 4 60 mmol - L7 B,
WMZEF TR 2RI 3 d g LA /NMETHE , A 4145
V¢ B 47 120 mmol - L7 A1 180 mmol « LB}, & 2 AE 55
3 )R RIEET, U IE R IO R R TS
553 d TR, PR SRR Bk 2 B £ DU
FhFAET- BRI , 7= Az X — 22 57 1 3 22 i DR T B2l
PEER AR 1 = pHOME T X R A
2.2 & WEEE T i 20 R 5 = A
2.2.1 JMZEAN S M AT R A Eh e A

A B Ak HR 2 S 9 5% S 2 A0 it S a7 R B B a6
PR ER EE LR S, A IR E N 60,120,
180 mmol « L™ B, I 2 4 Jfd AR X 375 14 43 51 02 CK 1)
1.76.2.19.3.95 1%, 240 mmol - L' B} IR 2F R 24E K ; B4
T WA BE R 60 mmol + L7 F, S 25 241 Jifg J5EAH X 385 1
CK B 1.95 5 , e i #8438 60 mmol * LG R ZE AR A K
A WA E M 60,120,180 mmol - L7 F, 1A % £
F RN 1.45% . 10.76% .25.18% , 240 mmol * L i}
iK% 94.96% ; B ZH 15 A B 60 mmol - L B, Fli—F#H
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Figure 1 Germination rate of seeds under salt and alkali stress treatment
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Xof 5 AL F] 32.36% , 120 mmol - L'}, 155 96.39% ,
R 5 P R R B P v T EE A R
YE 358, {H7E 0~180 mmol - L™ F £5 38 L) K2 0~
60 mmol + L™ B P4 & J9p 360 715 T A AS 2 %6 ¥il 25 b7 1
PRI EMER . WRIE N 60,120 mmol - L' ) A 41
b 5 60 mmol - L™ Y B 414 BE, 21 ity FEAR X 35 1 G
2 25 57 (P>0.05) , FHXTER 35 SR 25 50K s B 4L vk
J& 4 60 mmol - L™ B AH X £h 5 3853 JIlE: A 2 Wk B
7 60 mmol + L' 1 120 mmol * L™ i} 9 22.32 1% i1 3.01
5, U0 B B R 7 A= 0 v pH(EDRE Rl 7 A 36 3 A
TEABEMAVEN . [RIE 450 s A 4b
TR 2H 9 2% 76 £5 16 B M 120 mmol - L AF 5 5 it £5 4
180 mmol - L™ B} 5 o 25 1 514, 240 mmol - L7 B 52 55
i % s 75 B AL ZH H , 78 RV E O 60 mmol - L7 B,
FEI A TR AT R, 7E 120 mmol - L B 52 55 T 542
2.2.2 HFEIRAR JRZE Na® K 7 7 I K*/Na*

ANV A (B AR FRZH 8O0 T 28 AR VR 25 BH 5
FE R E 2 iR, A BALFRAAEE T, Na*
SR BEEST CK(P<0.05) ., 4 A HE WK E N
120 mmol - L™ . B 41 ¥ & & 60 mmol - L™ i}, Na* & ik
P, 2 W2 CK 19 7.45 .8.25 1% , B Na* & A
FER N, VLB AP T — 2 R b nT DUALsEE Na* (i Jilrae , X
Pl A G = AR R VR . IR (60~120 mmol - L)
AR KW B, 5 CK B & 257 (P>
0.05) , v BERT K & i B TR, 2 A 2V MR B Gk
1] 180,240 mmol - L™ B K™% 124351~ CK 1 79.91% |
51.86%; B 245 Ab B, K% 2 5 CK AH L3 B 35 T,
J& CK 1) 59.48%~47.00% , Vi 1 £h 25 52 i 3l 25 1

Sob KR I AL, 326 94 38 7E 120~240 mmol - L™ Z [6] , K* &
IR E 25 (P>0.05).

K'/Na" tb 387 A B 4195 WA BT ¥ 18 25 [ AIC
(P<0.05) , A #H 4b 3 F K*/Na' lb 3 5 CK A7 L T [
79.90%~87.33%, B 41 5 CK # b F K& 91.11%-~
92.81% , BIH I 5 XF K*/Na* Hb R 5 0 55, X 3 28 Fib
TR ZFE B AR K
2.3 HEEHRBAAITHEREERF T

M ARERSEEBBR T A RMEREHE
R 6 i . ASRAER MM ZEM R 82~87 em, #42
24~28 cm, "Wk F) 282.60 g+ bk, TR 96.87 g,
FFRL 55 % 36.33%, 7 12 3.26%10° kg + hm™; IK 7 ik
X,y ZE K = 72~88 em, £E4% 22~28 em A2 4, AW iR
ik F 265.03 g - #R, TR E 92.66 g, A7 R T i &
35.64%, PPk F] 3.07x10° kg - hm 2, & 4545 5 A K4
KR ZE A 2 AN K = R X, 2 R R 64~73 em,
5 ARA KA ZEH R ¥ 16.09%~26.44% , FE1%
16~21 cm, FH R 30.77% , 4= )5 201.76 g ¥k, F
F%28.61% , T-Fi 5 87.14 g, I [ 10.04% , ¥R 55 il K
4 32.03%, oW AR AL, 77 5 R 2.21x10° kg hm™, &
F%32.21% H A5 H 24 VA TROUE TR e 0 /N IR XoF Y 25 4%
A AR AN T, 24 TR VRO I o e R S X
SRR AR B IHIER . R0 ZE Na B R B,
Wi 5 T VRV IR S P 3, ek 2R WA Nt 2R 3
TE JC VH W R S b 25 A 9 Na™ & 10 4.69%10° g -
hm™, ZEAR VA VRORE IR 5 T, S 254 ) Na* 8 5o 5.56%
10* g~ hm™, 76 S VR RCHEBE & T, Il 5K P Na* 5 2>
7.24x10* kg - hm™, J& JCTH WHE RIS 19 1.54 4% , BIVE WY

RS HEANE T &AL IR X T AR AR E 1 A8 X AR R i £ S R R0

Table 5 Relative membrane permeability, relative salt harm rate and salinity tolerance index of seeds under salt and alkali stress treatment

T Ehvfe g . éﬁﬂﬂ’aﬂi‘-ﬁﬁﬁiﬁ& *Eﬁ%ﬁ%% ﬁﬁifﬁ?‘éi@f&. it
Salt type Salt concentrjtlon/ Cell membral:lf') relative Relative salt harm Index of salinity Salinity tolerance
(mmol*L™") permeability/% rate/% tolerance (K)
CK 0 12.33+0.01¢ of 5.63+0.13 5
A 60 21.67+0.05b 1.45+2.51f 5.36+0.14 piid
120 27.00+0.03b 10.76+5.63¢ 4.52+0.18 3
180 48.67+0.13a 25.18+1.13d 3.510.17 i
240 — 94.96+1.28b 0.20+0.10 55
B 60 24.00+0.02b 32.36+1.82¢ 3.67+0.10 h
120 — 96.39+1.28ab 0.08+0.04 55
180 — 100a 0 55
240 — 100a 0 55

TE - RIS R NG TR F R A BRR 22 57 B35 (P<0.05) o TR R H0>4 F R T #5852 Eh 5 M <4 FOR TR R Vv 45 5 O< R 5 B2 M 1555

Notes: The different lowercase letters in a column indicate significant differences among treatments at P<0.05 levels. K>4: Strong salt resistance; 2<K<

4:Moderate salt resistance; 0<K<2: Weak salt resistance.

http://'www.aed.org.cn

—197—



MV BEIR S FREE A4 - 5 39 4 - 2 100

81 Na*
i
E 7
Ll ZE
8 4 7
zz
| %
@ 2 7
P Z
£ g 7
07 ¢k A
Kb FELH Treatment
8r K*
T a a a
2 el T
20 T
= Z
S o4t Z
; 7 o
i 7 O
o, % ZZN\N=
& 7 N
M / ; \\:
0 7 7 N—
CK B
AbFEZH Treatment
12 [ K*/Na*
10 a
o
b
2 15
=~ c
~ d
1.0 7, e
7 PAK
I 7 NN
02 Z ZN
7 N
0 CK A B
AbFEZH Treatment
JCK [ 60 mmol - L™ 120 mmol - L™
N 180 mmol - L B 240 mmol - L

AR NG PR R AR A 22 5 8 35 (P<0.05) o T ]
Different lowercase letters show significant differences among different
treatments( 2<0.05). The same below

B2 EHhEE A ETFHF Na KEE R K/Na B 220
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contents and K*/Na* of seeds
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Table 6 Statistics of agronomic characters of oil sunflower planted in saline—alkali soil

g 73z R EAR R (g BT Tk o S Na Wi 5t
Plant height/  Diameter of flower Biomass/ Weight per thousand . = . X i Na® absorption/
Treatment R o Yield/( kg*hm 2) Oil ratio/% 5

cm dish/cm (g plant™) seeds/g (g+hm )
AokA K (CK)  82~87 24-~28 282.60 96.87 3.26x10° 36.33 4.69x10*
AR (A)  72~88 22~28 265.03 92.66 3.07x10° 35.64 5.56x10°"
B (B)  64~73 16~21 201.76 87.14 2.21x10° 32.03 7.24x10*
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Figure 3 Effects of biogas slurry irrigation on Na*, K* contents

and K*/Na® of sunflower
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