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FCAMRATITRE, XAE— € R L B BRI 7 A K 7> 2R
FEAETR 2

FF VA EINR, ASCRLI AR RD 2 R O O 5
KRR, AN K I T SRR AR, 7>
BT AN RIS oS 338 KRR KRFAIE 2 /N 22 5 Mol 3 i 7
IR . DUHISRASRD 22 8 HAE A R B R ANE L TR =5
IKEIRESH, Nz RR H IR R ARCR 5
Wy Ko BRSHE R IR B SR

1 MR5RE

1.1 il 5T

N BRI BB T BOR MR AR EE T, B
J& (0~20 em) 3K FOKFEFFIYT 2017 4 10 H KK
Wk JE R T 2R MR B b 2k & il Be sl (117°4°E,
33°%41'N) o RO R AL SR G IR AL T 2 BB 1E
PN T I DX R IAR AR MR VE X o 3% XA 2 Sl
15 °C, SEHIBE W & 850 mm, AT HEEEF THZE,
Mhh RAERAUN R R L, RALNE. B EKR—FH
HERAET] . LIEREACH RIS 00 = AR XTSIt 5 mm fLAE
[0 4% FH s 20l e BF)Z 35 F IR RE K &N 32%, pH {EN
7.46, HHLFA 23.80 g/kg, EEN 097 ghkg, TREA-
A KR AN A & B il 6043 . 25.26 Al
226.30 mg/kg. TKFEFFFEMALE 80 'C 24 T LT 21HT
B, S ERKERRET 2.00 cm. T KRG E TR 50
ZRAEMTFHAM BB ERA R GLH MR, MEK
P [ L M 28 R PR A ] CLRB 1M 4k, A
IRBBRR B A8 i 2 H4 7R 2,39, 32.01
H1216.51 mg/kg: FEFPRRBUAMAE . A R0 R i & 5
oy BN 3779+ 376.49 F1 2483.03 mg/kg.

INE ARG IERTFLAT 2018 £ 3 A, #E 4 M
. W IHEBEST C(control, CK) . &AL IE T 1)
FEFF 34 H (straw returning, SR AN INAS F1% (straw carbon,
SC) FURMEK (fly ash, FA) 4bF, SANCHEEL 3 K.
WRIEHEM N ER LM, & HA30em, & 35cem, [
WKL R+ 30 kg. MHEK (FA) KASFFR (SC)
Mo 4% + R =M 3.00% it B, 09kg 7
(45%10° kg/hm®) 5 FRFEFFAINE S b X 22
TAKAREFTEHE, £0.12 kg/7h (SR, 6x10° kg/hm?)
AL it FH 2 2 A P B FH | (N: 225 kg/hm? P,Os:
120 kg/hm®. K,0: 60 kg/hm?®) , 43518 2.38 g/ (N)
1.27 g/# (P,0s) F10.64 g/7h (K,0) o WEAE. 4 AEF0ER
KR ANFEFERR o 135 43 J5 AR R BB — RPN« 60%%(
EASEERE, 40% 1) ZAEAE 258598 B30 as 1 /4N H Ja B HE
BEAGEET 3. S TR s & 2 8m, SC Ak
HAEARIL . DR MR FRAEF . S LR A
Sla, —FEETEF.

ARG R G 30 K. 5 60 KD B>
BROKFFT, A RS TF/KIEMRIETE 80 CA&M4 MR 2 1E
i, DA FREARBAME RN, 2018 45 3 HHAKH
WRTHHG N ER T R €197 ) HEZF R T A

tIErh, RN EEREL) 10 bk BTSSR PR VAR
AR B K ERAE 80%, FHEYIAEK RN (6 HYD %
1EFK, BEEFFRNI 10 d BT R ha s, o5
B R AR ot Sy E 5K 3 . R e a5 A R AR
INEE F ORAE T80 CUkFEH, T B AEALIRARIIIIE -
1.2 WFEE

AR A B ) pH B R A LA TR E
TAKBEIA 1:2.5; BAFEECR AT BoZNE . AR
WK IR SN MR 32, AHBR DL R IE s TR
KA GRERSE, KIGEETHENE; 2B VLR 75
AR 2R YLK E BIE A R e . AR L
(B REK BRI T1E (BURHNE) W5E .

VEV A AR bR I s BYEHUEOH: N B T8 B A
B, HZAMKEIR 8h 5T 105 CHRMHE AT, IHHE
75 CHF-RIEE, W5 REM T IHE /DN X &
KE (%), HEARWT:

I AR 5 KR (Yo)=(W W) (W= W) X 100
b W R E iR, g W, M R EATROK S
WriE, g Wy M ABTERTRE, g.

SALTEER B G2 1Y LI-6400XT( 3 E LI-COR)
FHEBIRS 09:00—11:00 W52 ; HZER (proline, PRO)
KK HIRIZ e, BRI =B 2 vk s mlys e
H [ (soluble protein, SPR) & & R HH 5= G-250
Fbtayzdllsg;s 1% (malonaldehyde, MDA) KL
B ZRENE; dEME (H0,) EFERHSIGE
ENGE . PUAMNER RIEJ1E : LA ER (catalase,
CAT) KHIEAMRWGEN i ; # A PB4 (superoxide
dismutase, SOD) K H & VU meyk i 2 s i A AL Y il
(peroxidase, POD) K @GR AN & s Prbk i iR 1k
Yyl (ascorbate peroxidase, APX) FIZ bt H Ik i& J& i
(glutathione reductase, GR) S 11 2 [l 25 & A 2500
HIITERATIIE « T EAE S EMPUEA R RIE I
BT R R AR ) TR S AT e it o

S RHMOW TR &S 2 AE: R Hitachi S-4800 & (H
AHSL) B BB R AT WSS, R R
HEA 3.0 kV, S #RRnk 1 nme 35l fE OS2
41000, 10 000 F1 45 000 fi5 N REAEF: 5 EHEAE &

C YR R R R AT (X AT T+ SR CW-1Y
A RN X SERATIM . TAEFR N A,
AL (X BRI KA=1.540 6 nm) , K 36.0 kV, i
20.0 mA, FESHFEAE 20 (0 ANG X SR S5HIN S
Rk ff) 9 5°~80°, HHK 0.020/4F, FHIEE 4°/min.
1.3 BRSO

i I B3R A 3R A Microsoft Excel 2007 A1 Origin
8.0. HIEAKIE SPSS 17.0 #ff, KM LSD 7 £ &Lk
B, RIS AN [F] AR ] (1) 22 7

2 BRSO
2.1 MR, FEFFRR R AEFT RO SRAHE
K la~ K 1c BB EZEUER 2.5 um FZ 4L
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BRI RURLAF A, R E & KEBE LI, TR (&
Id~KE 1) 2R, HARR SR A ELBOR, HAT
PEBAE LB B . AT (B 1g~KEl 100 SHFTIE
RUENARAL, 85 8 A 1] R SE 22 2 B REAL a3

H: FA BBIR: SC AT KABEFFH: SR NIKAEFF: SR-30 J/Ef# 30 d
HIEKAEFF: SR-60 NfE AR 60 d FIEKAEFF. FIE.

Note: FA is fly ash; SC is maize straw carbon; SR is maize straw; SR-30 is
maize straw rotted for 30 days; SR-60 is maize straw rotted for 60 days. Same as
below.

B 1 BBR. BRBATE 2RRAT BT 45 12
Fig.1 Micromorphology characteristics of fly ash, maize straw
carbon, and maize straw observed by SEM
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Fig.2 X-ray diffraction patterns of fly ash, maize straw carbon,
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2.2 AEIMEFEE IR R KYHE

RN AR K TR KRB AT R 10 d 1)
T-E R . K 3a s IEARGHE K T 5 s )
() S8 0 2 BH R B, AN [ e R R A R [R] 1) 22 R R
Ko FEFF B AEFFB AL B A S AR T 55 /K RARL 22 30N
VIR TR, R R AR FE R 0 A S K R T
PagiE

6 8 10 = 2 4 6 8 10
I 1) Time/d
c. NAETAL T

c. Wheat stomatal conductance

T AL AL HyO v RN RI A 10 d, HAIUE L3RR &K% 80%.

Note: Stomatal conductance is based on H,O; Drought stress experiment lasted for 10 days, and initial relative soil water content was 80%.

B3 BEARTAKE ket B AR K E A A ILG BT T T8 6 of

Fig.3 Response of relative soil water content, relative water content of wheat leaves, and stomatal conductance to drought stress
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ZE LA S AKE A — L IR (R
1, BIfETEMHaE (0~10 d) , T3EARE /K EKEE
HTFEamE o B8NS TR (RP=0.97) .
TR — B FAU A RHE S 7 EAN [F] 5 i s a) (o)
T X KR TR N TR a0~
10 &) HEEAEX EK R 2R TS, HAHERG
B2 5 P — B SET R BT S A (0 d) ARFE
O A B AR B KB N PRI (— P S XD
£ FA (10.84) >CK (8.19) >SR (6.50) >SC (6.12) ,
KN A HEAFE TR T2 HE T (10d) 1)1
AR 7K R N EE R (SC (4.31) >SR (3.47) >CK (2.64)
>FA (0.96) ) o &G TEMHXEKE (B 32) v
SR i SC Ab3 ) HIELR/KRE A XS Ee 58, 11 FA Ab3
AR 1 3K R ok .

2.3 AERHMEHEETNEMAENSKESFEE
M Rz

AN AR K (B 3b) REEUERAK, BE
JEZNS TR, IR TEMES. i (<5, A
SCPE AR BRI I A S KRB R TR, HAE S
WIS b 2 B ROR, 2 SC>SR>CK>FA &% . SR Al
SC ¥y CK MHELARER & 1 i AEXS 7K, 1M FA 4b
HR AT 52 8 5 3 0 3 BRI T 1 B AR KR

AR (R D BT 5E T /N A5 K
RE5F R an B AN RTE L=k &
& — B 3 BB SRR A B 7K 38T Bl %8 K
AN, HPEE TR MRARE Qo R0 S 35E N ok

Fiash. —MS8sE R ER FA AR (55275 KD
ISB AR KR B R 1 /M . IR (275 D)
FA Ab BB LA X 7K Z N 53.81%, 5 CK
(50.48%) MZER /N, (HHE(LT SC (56.81%) 1 SR
(60.79%) HbFH,

2.4 AEHMHEENTFEME T NMNESILSERNE

Kl 3¢ g5 R ERET 10d FEhE, MNERILTE
5 AEX Sk AR W ZE R ROK, SR 2 A RO,
REZEHain, FRRGEBFE, w1k FRIFaT 7. FA
WP CK AL INE S AL SRR EL /N, SR AL R
INESILGEH BT CK, HiET SC 4bHL,

T2 N AL B A T 2P ] AR A
ML — =R E R B R EMH S (R D .« G
TR — M AL HE RIS . JFAER S BRI
H#amET 0 AR . X\ xSRI ENESIL G ER
K e/ CRILKAD B RS [R5, i — P S i xt
1B 5 K AR R AL BT o 28 A K SXof I P B i) 4
Bo(n) o« RER (F D HEMSEKE Sx) N
63.56%~75.69% I i AL F IS B A K AR &
IKZE S(x) N 36.56%~51.53%M11E M T SALSRE N
Hi R, TET 30% B SSLFENARRELL., itk
AN AR, A S A AR S KR AR B A
2 FA BRI T CK, BIRAKT SC Al SR Ab¥E ., /NI
Fr S AL 5 P B 4% Ab T A S AR RS KR S(es) 20 il
23.92% (CK) . 22.55% (FA) . 30.78% (SC) F128.43%
(SR) &

x1 FREPETHREN SRR, HREMSKRMSISERTRMEREZEXNEELS

Table 1 Equation fitting on changes of relative soil water content, relative water content of wheat leaves and stomatal conductance
with drought stress time
AR .
I\ N 1
Dependent AL I & R x/d S(x1)/% xo/d S(x2) /% x3/d S(x3)/%
. Treatment Equation
variable
CK S=0.23x>-8.19x+80.34 0.99%*
S B AR FA 5= 0.49x>-10.84x+79.87 0.99%*
Relative soil water N
content (S) sc 5= 0.09x%-6.12x+81.03 0.99%*
SR S=0.15x>-6.50x+80.93 0.99%*
CK I=-0.10x*+1.31x%-6.71x+99.30 0.98%* 4.26 50.48
AR KR s ) »
Relative water FA I=-0.06x™+0.47x*-3.48x+98.32 0.98 2.75 53.81
Content(?)f leaves e 1= -0.08x*+1.06x>-5.57x+100.78 0.97** 422 56.81
SR 1= -0.02x*+0.18x%-3.02x+98.46 0.98%* 3.36 60.79
CK Ws=0.000 3x>-0.005 6x>+0.014 7x+0.1029  0.99** 1.49 68.74 6.22 40.12 10.95 23.92
NG FA Ws=0.000 4x°-0.006 3:>+0.017 3x+0.099 1  0.97+* 1.62 63.56 525 36.56 8.88 2255
Wheat stomatal 5 ) "
conductance (1) e Ws=0.000 3x°-0.004 7x’+0.007 6x+0.1038  0.97 0.88 75.69 522 51.53 9.56 30.78
SR Ws=0.000 3x°-0.005 4x*+0.011 5x+0.103 1  0.98%** 1.18 73.47 6.00 47.41 10.82 28.43

e #*, P<0.01; x NTRMRANE, d; x NESILR RIS SIEIN ], ds o J9/NE 7 A S 7K SR AL B Ml A i RIS (8], s xs 9N

AL RN I TR, ds BEAKON 11,

Note: **, P <0.01; x is drought stress, d; x; is time corresponding to maximum stomatal conductance of wheat, d; x, is time corresponding to maximum decline rate of
relative water content and stomatal conductance of wheat leaves, respectively, d; x3 is the time when wheat stomatal conductance ceases to decline, d; sample size is 11.

2.5 FEEX/NEEBETHIRLEXHENN
g —ErHrTRE (22, 8 R5H3 R
M, Ny iR (proline, PRO) it F AL
(hydrogen peroxide, H,0,) ¥ RBCNME, FIEMEE
H (soluble protein, SPR) F1Pj —l& (malonaldehyde, MDA )

B BRI  AEANF RS I T, PRO 2 &1 SPR
SEBTHEZER . FINEBF NG N K FA RS T 5
Jolp 3L B[R] R SE N EE 55 T Mt 7 MDA i H,0, &, {5
R IRAET-RE R B H0, & 848105 MDA HiLt
BRI . ETR2MNE 3d, FA I CK 24FH F Hy0, &
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A PR SPUHE; T FMhE 8d, FA 4 H0, &
EREEEHTTREWEYH 3d) K& CK SR 4LHE.
VEVAR P37 1t A8 SRR 52 B UL B R S 4%
* 2 gRER, TEWE 3 d EH AR ELR
(superoxide dismutase, SOD) . it LY (peroxidase,
POD) FldE AN (catalase, CAT) & PE7EALEEA] 2
FAEZE (P>0.05) , HARMTFHIET (8d) FA
AL SOD.POD 1 CAT Mg i M 22 B 32 i T Ho AR b 3
(P<0.05) . REFTFEWEVH (3 & M i hHAim
FRSEALYIEE (ascorbate peroxidase, APX) FI43 it H Ak
L5 (glutathione reductase, GR) ¥ifi 4 7 &b # ] 1) 48
o B A, (AREE T 5 e i S, FA AbBErt
h APX. GR G JE R = T HARLHE ., 213+ 5

T FOAS [ PR b B, o b A A B 1 AR A S N e
H,0, ZFVRFIE—2L.
2.6 AR T IBAK S EMLZ

TIEAAXT S KR 5N S AL T R PR O R AR
T4 2 S K ROENT AR R K AL i 2R AR Ak R
TE AR 3K R NIEROK . BROKFLRROK . T
BYI (B4, IS KR TR, H RIS
SEHRRAEKRKAEN, FI5EKEEUEROK K RAE
1E; SN IK S TSR, (HAFL S PO T M
MG, EYWKEE—E R, 3K T8 DL BRI
TR 4L FEMT 0.02 mol/(m*s) B, 1A
X E KRR B 238 S FL 5 R R AR fE, 3
K B PURBUK I SRAF7E

*x2 TEpExNEERETHYRRIEXHEENZN

Table 2  Effects of drought stress on physiological accommodation substances and relevant coenzymes of wheat

1 F7 % 3K Day3 % 8K Day8
Index CK FA sc CcK FA e SR
Eiﬁﬂ% 20.16+2.17a  19.85+5.11a  23.4949.95a  32.27+14.10a  46.87£30.98a  37.65+21.19a  58.22443.08a  63.01+40.51a
358 M .
ﬂ/ﬁl Eg)b' 241£0.07a  2.51£0.07a 2.5240.06a 2.52+0.06a 2.37+0.47a 1.85+0.69a 2.53+0.29a 2.25+0.36a
E‘i:@% . 237+0.75a  1.80+0.40a 1.67+0.22a 2.2140.53a 2.25+0.24a 2.2440.26a 1.72+0.26b 1.72+0.35ab
/(10~umol-g™)
A A
(mmol-gh 38.1045.08a  37.31%5.13a  31.4245.19ab  29.61+2.20b 37.1045.59b  59.58+10.78a  41.73+26.03ab  34.52+2.55b
ﬁa@%qugm@ 108.3+6.9a  106.143.7a 103.9+5.7a 109.4+4.6a 113.2+10.6bc 152.444.1a 111.6+4.7¢ 123.2+4.7b
N )
’%é”ﬁ??ﬁ 16.79+0.87a  15.88+0.98a 15.68+0.37a 16.22+0.96a 16.4740.47bc  22.37+0.94a 15.830.54¢ 17.51+0.57b
IS - =i i
%(T}{flgiﬁ 38.38+1.73a  37.38+1.05a 36.70+0.87a 36.19+1.19a  38.96+1.47bc 54.14+1.04a 37.20£1.06¢ 41.82+1.05b
W{%Eﬁjﬁ;{ 3.63£0.85b  5.04+0.63ab 5.08+£0.42a 4.73+1.43ab 3.26+1.56b 7.09+1.61a 3.53+0.55b 2.53£1.12b
é‘%ﬂ?ﬁ‘ﬁ_;’?% 3.51+1.16ab  2.82+1.24b 5.9241.09a 4.75+2.54ab 4.44+1.88ab 8.01+1.91a 2.8642.60b 6.4042.24ab

e R &AL AR NG FEURAE 5%K T 2278, BRIl EA b,

Note: Different lowercase letters represent significant difference at 5% level among treatments on same day; enzyme index is calculated based on protein.

ws , g %
% g\o 70 = Available water % g\o 70
=S 00 Gk 412 60
= 385 50 Slowlg available water oy 2 550
EZ2840 E2E40
HE %30 \ EE®3
e : 22 9
0.12 0.10 0.08 0.060.04 0.02 0 0.12 0.10 0.08 0.060.04 0.02 0
SILTE ALTE
Stomatal conductance/(mol-m2s?) Stomatal conductance/(mol-m=2s)
a.CK b. FA
.80 L 80—
*jié 70 *jé 70
a0 =500
250 2350
_;EE 540 :E%’ 540
RE®30 HE"0
Ho 0 410
4

1270.10 0,08 0.060.04 002 0% 012 0.10 008 0.060.04 002 0
AL AL

Sk-3 T
Stomatal conductance/(mol-m2-s™) Stomatal conductance/(mol-m2-s™)

c. SC d. SR
E: PSR SIE, BB R L.
Note: Dotted line is measured value and solid line is trend line.
B4 FFaT BEARASKEL AILF AR X A
Fig.4 Relationships between relative soil water content and
stomatal conductance under drought stress

I AOK (B 4) 5 RIS KR GRBOK S HD
1] 33.8%~53.9%, miT&BUK b (21.6%~28.0%) Fl
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Effects of straw or fly ash addition on water holding capacity of typical
Shajiang black soil and drought stress tolerance in wheat

Wang Qingyun'?, He Yongxia®, Chen Jing', Kong Haiyan', Chai Rushan’,
Zha Wei', Gao Hongjian'*, Ma Donghao?, Zhang Jiabao?
(1. Anhui Province Key Laboratory of Farmland Ecological Conservation and Pollution Prevention, School of Resources and Environment,

Anhui Agricultural University, Hefei 230036, China; 2. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science,
Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: Shajiang black soil is a typical middle and low production soil in Huang-Huai-Hai Plain. Crop production has been
seriously restricted due to the high clay contents and low available water capacity of Shajiang black soil, this paper studied the
effects of different modified materials on soil water holding capacity and wheat physiology of anti-drought stress by wheat pot
experiment carried out in March 2018, in order to provide technical supports for farmland water managements. According to
local field fertilization and water management modes, 4 treatments were designed in wheat pot experiment: chemical NPK
fertilizer (CK), chemical NPK fertilizer with maize straw returning (SR), chemical NPK fertilizer with maize straw carbon
(SC), and chemical NPK fertilizer with fly ash (FA). Referring to conventional amount of applying fertilizer in northern
farmland in Anhui province, the application amounts of chemical fertilizer were 225 kg/hm* (N), 120 kg/hm® (P,Os), and 60
kg/hm?* (K,0), respectively, and the application amounts of fly ash, maize straw carbon, and maize straw returning to field
were 45x10° kg/hm?, 45x10° kg/hm”® and 6x10° kg/hm?, respectively. As for wheat pot experiment, in each pot, about 10 wheat
seeds were transplanted into 30 kg soil after accelerating seeds germination. Soil relative water content was maintained at 80%
field capacity until heading stage. When wheats grew up to the heading stage, irrigation stopped and then a drought stress
experiment was carried out for 10 days. Wheat leaves collected regularly were stored at -80 C so as to determine wheat
physiological and biochemical index. The results showed that both SC and SR improved soil water holding capacity, but both
was not significantly different. Owing to the abundance of large amount of hydrophobic crystal minerals like the
crystallographic silicon dioxide in the surface of fly ashes, FA had a fast decrease in relative soil water content. The delayed
water content of FA was significantly lower than the other treatments, while the available water content was significantly
improved. What’s more, different modification materials all had the tendency to increase saturated water content and alleviate
the impairments of wheat leaves caused by drought stress. Under mild drought stress, the saturated water content of wheat
leaves was higher than that of the control group, but no significant difference was found in the contents of proline (PRO),
malondialdehyde (MDA), hydrogen peroxide (H,O,) and peroxide scavenging coenzyme in the wheats among the four
treatments. However, under extreme drought stress, not only was FA significantly lower than the other treatments in wheat
leaves saturated water content, but also FA treatments accumulated more harmful substances like MDA and H,O, in wheats,
which could lead to irreversible damages to wheat physiological conditions. In conclusion, the relative water content of
Shajiang black soil was suggested to keep above 38% (SR), 36.5% (SC) and 24.5% (FA), respectively. The plant physiology
would get irreversible damage if relative soil water content was under 30.78% (SC), 28.43% (SR) and 22.5% (FA),
respectively. Because straws have better performance in holding water by significantly improving the content of soil capillary
pore, and fly ashes can do better in providing more available water for soil in spite of holding water poorly, combined
application of straws and fly ashes will be conducive to the improvement of Shajiang black soil. Relevant mechanism need to
be furtherly studied.

Keywords: soils; moisture; drought; Shajiang black soil; improvement; water characteristic; plant physiology



