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TG 2 R 2 1 8 TSV 9L TR D ] I A 6 AR i Y R
IKBEST, TIHT HHKMEIRGL, $ v L3 Iy 552
BAEST, T L IRERERE .

(OO R Y B A KBIRA R T AL GoK B A A
SRS KPR YERE » SR T A 7KL (F 78 22 B P e Al
FAEREMI B, B0 R A /KBRS Af T et
FRHMIET B> . BAREYR. 5 TRES
FRBRE T 1 B 0 5 A TR 7 AL A S T P F A i
o LRI SCH R ALY 2T 0, Al BRI
AR E 1 2 A K e P R T 5 26 T M e A PRy
PERISEM, 9 7K BRIBAE M A 7 v fR 82 P fie it 2
WAk

1 #RA7E

1.1 RIE R

HB (R OIREE- WG - R K Bk - HM (5§
CRBE- IR ER- 73 F T /KB ) ] R Al R 2
LR 2 ST AR, AT e 5% R
LIFHEEEW (polyvinyl alcohol, PVA), HX 1.0 g PVA
AN 20 mL ZEF7K, 95 CHitEE PVA BRIE#.
Y 9 mL AR Cacrylic acid, AA) I 45 mL 2555
F7KLA 5 mol/L ) KOH il pH % 7~8 Z 1], 13 AA
TR 51 RS BRER A AN AT TR NN -7 H 3 X
W MV e AA IR, 5 PVA IR @& 0.15
mm FLERFHIAEE AR (B) B 4A 70 (MD
TR, H R A R 55310 22 50 70 BT S Ak
ZH, 1E 60 CHMTN, ## A 400 r/min HiHE 6 h,
143 HB 8¢ HM H-A7KER, THmmE&H. HS A
PR M R R e R AR KR D L o AR A Al B A PR
A,

B Ry I L, AR R AR B R
belIX, 3 pHE N 7.3, AHUBEN 22.12 g/kg, i
B &N 76.6 mg/kg, AR 11.70 mg/kg, HAL
BREN 111.70 mg/kg, KEME RS EN 24.80
mg/kg, HIA]FERKRN 20.30%, fHATXT . o
i, RFEE2E 200 g T35, WRLEINAE Y 7 cmx7 cm (B
Bxn BED, A /ML A SR Sy 100,
1.2 R

IRES T 2021 4 8—10 H AETRI Fg AV K 2 B2
it 1] 5% 0 B R R A A A BT e e N TR = AT
BRI E 10 NMeEE, BRI R IWE 1.
BARFEMES 200 g HIERAHE], BIANBERET,
MHHILES 4 Fr B AR B o 0308 HA G 335 50 (R
Bk 2Rl b, AR 1 AR, B
BIkeEk 20 FRMHT . BT A Ak B TORRE RS
FeHE SR 200 umol/ (m?s), iR 25 C, FRIGH
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12 he iR E 7 d )5, KEAIRA 3 em KIZHEHE 8 h,
B OREEAS R K 5 L3k B AR, B0/ AN e
KAFHEAT R, TREH 10 JXH R4 R2EATH
BRI .
&1 REig
Table 1 Test design

st TR (g ) [ SIES] IREEREIR IR/ %
CK 200

HS1 200 0.1
HS2 200 HS 0.5
HS3 200 0.9
HBI 200 0.1
HB2 200 HB 0.5
HB3 200 0.9
HM1 200 0.1
HM2 200 HM 0.5
HM3 200 0.9

R APKERIA I 5 L
1.3 MEmB K& F7E
1.3.1 K& A 45 K Ao bR AEME RE M) X,

KA LA, WA 50 emy HAR 110
mm () PVC %, TI3REE AR KA ds, Bl
REN 176.6 mglkg, SR EA 211.7 mglkg, JHERL
& 61.7 mg/kg, TIEIHILFEH 30 cm, T 20 cm
HEK)Z, PVC &R AN SR CB IR . R 2T
A 05 T R AT KB 7R IR SRR IR AE
2 B A B K i 3 K Sl . R B
FE 58 25 AL BRI T 38 e KK, S IESCHR[14]00 %
AT IR B
1.3.2 3 KFENZ

358 F 7K B R AL TFR 5T E ST E
1.3.3 Ak Z 45470 52

R ZR e 19 e BORR. 28 2K i ) 5 AR A S DU i 4
FHE =L R M (TTC) HIERRIE . 1
EPSON Perfectio V800 Photo # Z A (H A
EPSON ~w]) H#MHER RS R R E v, AR
RO HTEAF WinRHIZO i JH B4 AR 2 B A 3547 43
PRI EL S B AR &R AR . MR, PR E AR,
RE M.

1.3.4 A2 A K FMZ

53 B JR AR M b SRR 2R B AR T I E AR R
i i, 58 T HEAMERST AT, 105 CRE
15 min, 60 CHETR4E 5T &N E T . MHEEFKE
K BT FR BRI E
1.3.5 T R & FRa9M 2

HL 0.1 g SRR 5, 2588k se e T
KK NG PR E IO 10 mL 288K =
IR 12 he RAHFEAL (DDS-307 24 Il & F2HL
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W R, WK 30 min J54A1, 2515
EFEIBUR LS 3 R2, 152X FL- S 2 (R1/R2%100%) -
1.3.6 X A&F5ARR SPAD 150 %

EFREE 3 E M O\ EAET D H LI1-6400 BUE
AN EER M (£E Li-COR AwA/=) &
09:00—11:00 WEFEEIEZE (Pr). HilF] CO, BEIR
S (CD ZEBBEF () MSILFE (Gs)o

SPAD 15 5€ : #if] SPAD-502Plus H4¢ &AL (H
KA JE-RERIEATD M ES 3 FrEH ON A THO
(P L R AT SPAD B BT 351E
1.3.7 =t/ A 3L34 08

EFEEE 3 E M O\ EAETEHD £E 09:00—11:00
F1 NP 900 2wt W i8e (1 E Nexcope 2 F A7)
gL | R AALFF AR IR
1.3.8 HANEG & M A ZEE 2

T Y R ) A ) B A B C superoxide
dismutase, SOD) hitE. LA MYIEE (peroxidase,
POD) EMFITEALE N (catalase, CAT) V&M% H
F I TGN SAH AR bR U I E s IR G
TR D G-250 Geta ik Ie e ; SR A ARAC
b2 (TBA) VEALMIN —# (MDA) #.

1.3.9 dAMAA . LA BT AL mRAEN

For W AT R A [ ACFR I EE 4 7 FrE O AR R D
HE TSR, 25 3,3 - 2 ORI (DAB) M,
SR B R AL (H200) FH B AT A0
JHH N DAB S92 4% 24 h Ji5 [ 95% LB 10 i 25
Meg s KA EE DUy (NBT) D8I - kAT
et JE AR I I S 1 (02D, NBT 3R
&5 h 5 95% R i LM 483 S Islam

NREIR I & Wy W5 Je R e SE T M, FEAEAB LK,
FH G & 47 1) & W i BRI 6 h, SR JE¥ 178
IR CBEP L 20 min KBRMG R, BEK LR
AL 1 Epson Perfection V800 Photo #1441 ( H
A EPSON A#JA4E/) Hitiini.
1.4 #EaLE

iz FH| Graphpad8.3 #4171, f81H DPS 7.0 #f4
XA AT B R 7 2 7, RH Duncan # S %=
AT 2

2 HERESH

2.1 FAIRFFKFIGRAL M AR

I 2 AT, S IR R IR 35 S5 25 1 b 3 A K s
K& (P<0.05), 5 CK #flk, HSI. HBI. HMI,
HS2. HB2. HM2. HS3. HB3. HM3 4b¥i )+ 35 i
KFFKEHIBEINT 1.46%- 5.33%- 5.69%- 5.85%-
7.61%. 8.84%. 9.30%-. 12.26%. 12.49%. [ HSI
AR T CK R4, Hofd A B Ak
AR AR, EARESEEE T CK. £H
KBS INE T, 5 HS 4bFEAHEL, HB. HM 4bFE
IR R R BRI, B
InEAMFER, 5 HS AFEALL, HB AREE 3 ANKEEE
S INE N I R KRR K E A il = 10.50% 4.27%-
6.62%, HM A3 3 AKEERAN & ) T a38 o KRF
KRR 11.47% 6.37%- 7.13%. MAKT S,
5 CK 1 HS 4 FEAHEL, HB. HM AbFE ) 4398 5 K BF
KR PER, IR A R E R
g, HEHRIFPRIEMERE, w30kl 35575
k.

k2 BAHEGEIERKBIRESRASE

Table 2 Soil water holding capacity and nutrient content of different treatments

AbEL HIERKEKEY%  BRERE/(mg ko)  BURERAE%  HEAER/(mg kgt)  EATUKRE Y MR (mg ko) B E%
CK 35.4140.42h 83.16+.44g 5291 106.244.48d 49.81 41.56+1.33f 32.65
HS1 36.8740.229 115.71+1.53f 34.48 147.6643.74c 30.25 43.2540.97ef 29.90
HB1 40.7440.22f 117.61+.01ef 33.40 146.7441.29c 30.69 44.140.976e 28.43
HM1 41.1040.09¢f 119.16+.51de 32.53 148.30+2.51c 29.94 44.2540.80e 28.28
HS2 41.2640.40e 120.35+1.85de 31.85 151.3242.34c 28.53 48.560.84cd 21.30
HB2 43.0240.20d 122.1743.01d 30.82 156.40+1.52b 26.12 50.58+1.40c 18.03
HM2 43.8940.28¢ 127.79+.64c 27.64 159.5142.19b 24.65 50.6140.26¢ 17.98
HS3 44.7140.35b 134.64+1.92b 23.76 160.733.08b 24.07 52.91+1.28b 14.25
HB3 47.6740.18a 136.49+1.54ab 22.71 161.4042.58ab 23.76 55.80+.61a 9.56
HM3 47.9020.24a 137.94+1.66a 21.89 165.88+2.16a 21.65 56.09+.50a 9.09

I FESIARNG TR ZE R R (P<0.05), FIE.

22 FEMETELELIESKE

HPE 1 ATAL, 5 CK AL, B R AR KGRI E
il 7K BRI B (P BG4 B 00 5 1 438 /K 3\ S5 4
fm (P<0.05), TIEFI/KERINAY HM 4B>HB 4b
HFE>HS A H>CK. MHRKERASINE T, LIS KE
KN HM 4bFE>HB Ab3#>HS AbEE, H SRR

BE HBHM 7K &R & (1) 38 b 34 in, H+ HB3.
HM3 b3 IR 5K R B2 5 T HAkb . 5 CK A
tt, HB3. HM3 AbBE LI 57K E5 RGN 137.51%.
138.59%. 5 HS 4bFEAHLL, HB3. HM3 AbH+IE5
IKFESF N 7.55%. 8.07%. BEMAKE, N HB.

HM  KE PRSI0 AT A1) T 1 58 - SR R R
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Fig.l Soil water content of tobacco planting of

different treatments under drought stress

23 FEMETRZLIBEERR AL BIEMR
i 3 aJ&, 5 CK Mk, FEE KA E

HK BRI IS B IG 0, &AL BRI FEAR RS ) 2
MR BRI, MARR . IR EA R R
(P<0.05), FHI N HM kbFE>HB 4L FI>HS 4 HI>CK .
EAR R KEERSANNE T, 5 HS A3, HB. HM
AFR B ARG . EARR AR HATR. PR A
BYEE . MFEVKERBINE T, 5 HS AFAEL,
HB b 3 AN /KEERAS I E T MR 595 715 4
T 1.42%. 3.42%. 4.86%, HM AbHE 3 AN/KEERAS N
&2 NIRRT 003 S 3.00%- 9.87%- 9.13%.
BARKE, KBRS INERD R B $lK &R 5 R
K FT T T e T LA S0 0 s 2 AR,
IKEER TR IR AL 22 5 LL HM Zb PR - 5 il T A
MR R IE S BCR BT, B F ARZKGRIRN B K& 3 e
TR hE MEER R KT, UL HM3 B PR Al o

k3 TEMATELILIRZARZ KF AT

Table 3 Root development index of different treatment under drought stress

Qb HRAE /1/(ug g h?) SR /em SRR AR em? TR em3 B ELAR/mm
CK 92.27+.54h 352.8242.449 112.1742.85f 2.1320.02j 0.7740.01i
HS1 96.28+1.08g 368.26+1.83f 141.3843.13e 2.8440.03i 0.8340.01h
HB1 97.65+.469 375.644.27ef 142.53+.32¢ 2.930.04h 0.8940.03g
HM1 99.1740.98g 382.1445.35¢ 145.3542.92¢ 4.6140.029 0.9320.02f
HS2 121.98+1.08f 434.9243.70d 186.56+1.53d 4.1840.04f 0.9620.01f
HB2 126.15+.42¢ 431.5845.80d 194.5442 44¢ 4.3340.04e 1.0240.02¢
HM2 134.02+1.47d 436.1945.96d 206.91+3.28b 5.80=0.03d 1.1340.02d
HS3 140.38+1.32c 564.6247.01c 220.92+.19a 6.2940.03c 1.3340.02¢
HB3 147.20+1.25b 583.1545.06b 224.5632.62a 6.900.04b 1.3720.02b
HM3 153.19+1 .86a 679.0243.60a 225.4343.46a 7.3940.03a 1.4340.01a

2.4 BAIBRERIBEVIRE R SKE

MR 4 0%, 5 CK Mk, K% HS. HB. HM
A B 7K SR RS N I B PR RGN, % Ak B ) A A o
T B AN K Ze 48 B 2 R (P<0.05) . 5 CK AL,
HS Ab B 6 57 & . B & M E KRS R &
15.64%~120.99%. 0~52.38%. 0.89%~2.81%, HB At
HMEERE., THREMTKED RS
17.70%~126.34%  4.76%~52.38% 0.65%~2.96% ,
HM  Ab B i) 8 57 & . 5T & S K 255 0 42
17.28%~153.91%. 4.76%~61.91%. 0.61%~3.17%. {E
0.9%/KEEIR N INE T, 5 HS AHEAHLL, HB. HM 4b
PR TR S KRS, SR
P2 0.01%. 0.40%. BRI, 5 PhE s
FAEKKRE, 1A KSR i e fe it T S Phia T~
THEAYERNRR, e SRS, Hi HM3 4
R R UT
2.5 ENBREFBESE

MK 2 /%, 5 CK M, F%E HS. HB. HM
b BRI B B N, S A B R i SR
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B CK )R ZPEK (P<0.05). 5 CK ML, HS. HB.
HM 4 2 i 5 238 75 ) FEAIC 16.77%~62.15% «
20.65%~68.95%- 33.27%~72.20%. F: 1, HM3 . HB3.
HM2 434 CK 43 7 P 72.20%168.95%-68.81%
BT 0.9%/KEERSANINE T, HB. HM Ab3nt fr i &
AL HS A EE 3 7 FEAIK 17.90% . 26.54%.
&4 FRWia T &R LM EARI AWRE Eh b K F
Table 4 Biomass accumulation and water content of

different treatments under drought stress

Ak 7 SEPTEN/ (9 HRY) T (g ) EIKEI%

CK 2.4320.03g 0.2140.01d 91.5040.29¢
HS1 2.8140.02f 0.21+0.01d 92.4040.35b
HB1 2.8640.02f 0.2240.01d 92.1840.22b
HM1 2.8540.02f 0.2240.01d 92.1520.50b
HS2 4.6440.02¢ 0.2840.01c 94.0340.12a
HB2 4.85290.02d 0.2840.01c 94.1640.23a
HM2 4.8020.03d 0.2740.01c 94.3040.16a
HS3 5.3740.02c 0.3240.01b 94.1140.10a
HB3 5.5040.01b 0.3240.01ab 94.1240.08a
HM3 6.1740.05a 0.3440.02a 94.4910.34a
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Fig.2 Tobacco leaf conductivity of different

o

treatments under drought stress

2.6 TEME T ZLBRE S SHHE

R 5 vJH, 5 CK ML, BE#%& HS. HB. HM
IR0, % AL BE ) SPAD 8 5 2 3 = (P<0.05).
5 CK M, HS. HB. HM 4CFEf) SPAD B 7425
3.58%~13.33%. 4.38%~14.73%. 4.38%~18.61%. H.
BE#%E HS.HB.HM ¥ A1E M, #6ATHZ (Pr).
SILTE (Gs) MZAERBHEE () EIGhnEss, MiE
CO, BE/R 734 (C RGBS, T Riha MEE:
A B R, Horh HM3 & FE ) Pr. Gs. Tr ¥
T HAAREE, Ci & THAMAEE SRS, A0 HS.
HB. HM 7KEEI AT o 1 5 W ae o B 4l i it 3=
IRZIR, [ KB Aie )it FH AT A Rk R e AR R FE 2
G EEE R, HA, DLHM3 AR &L

k5 FRMETF &AM E KA R A4

Table 5 Tobacco photosynthetic parameters of different treatments under drought stress

posil SPADfH  #6HHEE Pn/(umol-m? s?)

Jfali] CO, /R 43 % Ci/(uL-L?)

SILSE Gs/(mmol m2s?t)  FEEEZE Tr/(mmol m2sT)

CK 33.5140.29f 1.7140.01f 292.3334.07a 0.16+0.01i 0.52490.01i
HS1 34.740.37e 1.8320.01f 280.4923.50b 0.1920.01h 0.5740.01h
HBI1  34.9740.33de 2.3740.02e 278.69+3.82b 0.2240.01g 0.8340.01g
HM1  34.9730.33de 2.4940.02e 274.7144.59bc 0.2440.01f 0.8640.01f
HS2  35.7720.25cd 3.6240.03d 269.7942.64c 0.3440.01e 1.5340.02e
HB2  36.33#40.45c 3.7540.03d 259.3443.29d 0.3540.01e 1.5940.01d
HM2  36.6040.29c 4.1540.03c 248.0634.63e 0.3640.01d 1.8540.03¢c
HS3  37.9720.62b 5.3040.04b 241.0122.22¢f 0.4140.01c 2.1530.01b
HB3  38.4340.39b 5.3840.02b 235.2242.88fg 0.4520.01b 2.14390.02b
HM3  39.7340.65a 5.7140.06a 231.5244.759 0.4740.01a 2.3540.02a

WL E T HYGIRS 10 min J5 W SALES .
B 3 0%, CK MIMHE M LA T Ea WG
IRZAS, HS3. HB3. HM2. HM3 4b B JHEEH F <AL
BN T 5 A5 IRAS, AR AL M S fL Ak
TFRIT P ERES o BEHMH AR 32 311 B bE I 2
F B RS, TR RS . T HS3. HB3.
HM2. HM3 A3 85K R8s, B ] DU+
oKy, 2RI T R MRA R ERAK, AILIER

o O 3 e L BB ,_.‘
@;&\"«’\&1}1 Lall AN TN 2 ';2:"4 ;EA ZEaNT |
HB24bE HM240 3 HS34bH HB34L 2 HM34b 2

B3 FEia T &L E LR % R

Fig.3 Tobacco stomatal opening and closing state of

different treatments under drought stress
27 TEMETELEBEM S HEIFEMA
MDA &
HIZ 6 FIAl, #$4HEM ) SOD. POD. CAT

EPERIS CK Z R W3 . B s FARKGRIR 2 A il
IKEERA I (3G, MHELH 1) SOD. POD. CAT
TETEY) 2 &S, W A MDA & 2 FE &S
5 CK MLk, HS ¥ SOD. POD. CAT i 435
2157 0.78%~94.01%-5.37%~101.95%.42.70%~88.64%,
HB #-# ) SOD. POD. CAT % ¥ 7 5l #2 =
5.06%~100.72%- 0.30%~99.93%. 21.89%~102.48%,
HM 4P ) SOD. POD. CAT &1 2 5l & &
5.76%~130.00%- 12.15%~121.40%- 21.27%~133.50%.
5 CK #Htt, HS. HB. HM Kb e 351 & A &5
BB AR 34.19%~74.20% . 33.57%~83.48% -
34.28%~85.95%. 5 CK MLk, HM3 AbFRUHE (1)
SOD.POD. CAT i KAl 25 130.00%- 121.40%.
36.8%, MDA &g K] [£1IL 85.95%. ¥ HS. HB.
HM  Ab 335 0] $2 a1 5 e M5y fi e A i
P, FEK MDA &, &AL it .

H P 4\, 5 CKOAREL, oA Ab 0 5 m] %
PEEE S5 WA N . AKEERSAR RN 0.1%H5, HM.,
HB LB n[ VA TR B B S T HS AEE; /KEER N
TN 0.5%- 0.9%H], HM AbFEE 3 =T HBHS 4b#E,
5 CK #Mtt, HS. HB. HM 4bF a] vt & ([ &2 hilfe
B 6.02%~54.62%. 9.05%~56.46%. 10.54%~62.66%.
IKEER A IR AR FIE, 3 PRI DL HM $g &7
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R EL IS O B R VA B SR
& 6 TFMe T &AM et A 4L AAEE A2 MDA £
Table 6 Activity of antioxidant enzymes and MDA content in
tobacco leaves of different treatments under drought stress

e SOD &1/ POD it/ CAT i&t/ MDA &/
ugh (Ug'min?) (UgtminY)  (umolg?)
CK 136.7741.099 257.69+1.60f 15.760.07g  11.3240.10a
HS1  137.84#1.71g 271.53#15le 22.49#038e  7.4540.10b
HB1  143.69+1.69f 265.3843.00b 19.2140.27f  7.5240.07b
HM1  144.6542.23f 289.013.19d  19.1130.28f  7.4430.07b
HS2  146.0622.53f 292.3243.27d  19.6540.12f  5.2930.06C
HB2  153.9142.20e  288.1534.5le  23.5640.16e  5.3140.07c
HM2  254.86+2.38d 310.6443.00c  26.3020.69d  3.3520.03d
HS3  265.353.55c 520.40+4.98b 29.73#1.06c  2.9240.02¢
HB3  27453+2.85h 515.1923.92d 31.91#.10b  1.87+40.01f
HM3  314.584229a 570.53#.75a  36.80+1.07a  1.5940.02g
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Effects of Novel Composite Hydrogels on Physiological Properties of

Tobacco under Drought Stress
LIU Lingling', ZHANG Ying?, LIU Yunfei?, LI Junzheng', CHANG Jianbo!,
WEI Fengjie®, YANG Xiaopeng?, JI Xiaoming?*, LI Hongchen'!, YANG Jianxin'*
(1. Sanmenxia City Company of Henan Provincial Tobacco Company, Sanmenxia 472000, China;
2. Tobacco College of Henan Agricultural University, National Research Base of Tobacco Cultivation Physiology and Biochemistry,
Key Laboratory of Tobacco Cultivation of Tobacco Industry, Zhengzhou 450046, China;
3. China Tobacco Croporation Henan Company, Zhengzhou 450000, China)

Abstract: [ Objective ] To explore the effects of new composite hydrogel on the physiological characteristics of tobacco
seedlings under drought stress, and to provide theoretical basis for alleviating the toxicity of drought stress to tobacco.

[ Method] A total of 10 treatments including CK control and three different hydrogels added at 0.1%, 0.5% and 0.9%
of soil dry mass: commercial hydrogel HS, new composite hydrogel HM (polyvinyl alcohol-acrylic acid-molecular
sieve hydrogel) and HB (polyvinyl alcohol-acrylic acid-biochar hydrogel) were designed by pot experiment to study the
effects of new composite hydrogels on tobacco under drought stress The effects of the new composite hydrogels on
biomass accumulation, root development, photosynthetic system and oxidative stress of tobacco under drought stress
were investigated. [Result]Under the same dosage conditions, HM and HB treatments were effective in increasing the
fresh mass, dry mass and total water content of tobacco under drought stress compared to HS treatment. Compared with
CK, HM and HB treatments could increase the fresh mass by a maximum of 153.91% and 126.34%, respectively.
Under the same dosage conditions, HM and HB treatments significantly increased the total root length, total root
surface area, average root diameter, root tip number and root volume, and improved the root vigor of tobacco compared
with HS treatments; photosynthetic parameters and SPAD values of tobacco increased significantly and improved leaf
stomatal status; SOD (superoxide dismutase), POD (peroxidase) and CAT (catalase) activities and soluble protein
amounts of tobacco increased and MDA (malondialdehyde) amounts decreased significantly, which enhanced the
resistance of tobacco. [ Conclusion] Adding 0.9% HM and HB hydrogels to soil dry weight can effectively reduce the
impact of drought stress on tobacco and improve tobacco drought resistance.

Key words: composite hydrogel; molecular sieve; biochar; drought; tobacco
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