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Effects of water and fertilizer coupling on growth and protective enzyme
activities of dwarf rootstock Fuji sapling under water stress

SHI Meijuan, XU Haihong, GUO Hua, YANG Kai, DOU Yanxin
( Shanxi Agricultural University Pomology Institute, Taiyuan, Shanxi 030031, China)

Abstract : In order to investigate the effects of 20%6, and 40%6, water stress coupled with elements N, P and
K on growth physiology and drought resistance of Fuji sapling under drip irrigation, a pot experiment was carried
out using Fuji sapling with 3 a short stocks as experimental materials in 2019-2020, using incomplete orthogonal

design scheme “3414”. Morphological indexes, osmotic regulation substances, protective enzyme activities and
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MDA content of Fuji saplings treated by short stock were analyzed. The results showed that when N 150 mg - kg™
was applied under mild (40%86),) water stress, the minimum decrease of shoot growth was 9.95%. The relative
chlorophyll content increased by 41.80% when K 250 mg - kg™' was applied. The decrease of leaf area was the
smallest under drought stress (40%6,,20%6,). MDA content decreased by 45.76% when P 35 mg - kg™ was ap-
plied. The relative conductivity decreased by 15.66% when P 70 mg + kg™' was applied. When N 150 mg - kg™' was
applied under severe (209%6),) water stress, the minimum decrease of shoot growth was 14.71%. When P 70 mg -
kg™ was applied, the leaf area decreased by 7.77%. When P 70 mg - kg™ was applied, the relative chlorophyll
content decreased 19.77% , and MDA content decreased 61.32% when N 100 mg + kg™, P 70 mg - kg™', and K
250 mg + kg™'. The relative conductivity increased by 6.49% when P 105 mg + kg™ was applied. The leaf water po-
tential difference maintained the medium drought level (0.5~1.0 MPa) when applying N 100 mg - kg™' and K 125
mg + kg™ under light and severe drought stress, which was conducive to the normal growth of various morphological
indexes of Fuji saplings. Under mild water stress (40%8,) , the osmotic adjustment substances of Fuji sapling in-
creased by 157.19% at N 150 mg - kg™, soluble sugar content at N 100 mg - kg™, P 70 mg - kg™', K At 250 mg
- kg™', the maximum increase is 112.01% ; Protective enzyme activity: POD activity increased by 147.26% and
SOD activity increased by 217.92% at N 100 mg - kg™'. Under severe (20%80,) water stress, the increase of pro-
line content was the most obvious at N 100 mg - kg™', P 70 mg - kg™', K 250 mg - kg™", soluble sugar content at
N 100 mg - kg™, P 70 mg - kg™', K At 250 mg - kg™', the maximum increase is 131.08% ; Protective enzyme ac-
tivity: POD activity increased by 180.37% when N 100 mg - kg™, P 70 mg + kg™', K 250 mg - kg™", SOD activity
increased by 973.95% when N 50 mg - kg™'. Under N 50, 100 mg - kg™', P 35, 70 mg - kg™', K 125 mg - kg™’
interaction, shoot growth, leaf area, relative chlorophyll content and leaf water potential difference were better than
those of N, P, K alone. MDA content and relative conductivity at N 100 mg - kg™, P 70 mg - kg™', K 125, 250
mg + kg™' were better than N, P, K alone. The drought-resistance effect of osmotic regulation substance at N 100
mg + kg™, P70 mg - kg™', K 250, 375 mg - kg"' and the protective enzyme activity at N 100, 150 mg - kg™', P
70 mg - kg™, K 250 mg - kg™' was better than that of N, P, K alone. Under drought stress, if N, P, K exceed the
appropriate dosage range, physiological drought will result in fruit trees, not conducive to the growth of fruit trees.

Keywords: drip irrigation ; water stress; NPK; dwarf rootstock Fuji sapling; growth; protective enzyme activity
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Table 1 “3414” incomplete fertilizer application scheme

il Jifi I 5 Fertilizing amount/ (mg « kg™")
Treatment N P K
N,P,K, 50 70 250
N,P,K, 100 35 250
N, P, K, 100 70 250
N,P.K, 100 105 250
N,P,K, 100 70 125
NoP, Ky 100 70 375
N,P,K, 150 70 250
N, Py K, 50 35 250
N,P,K, 50 70 125
N,P K, 100 35 125

M 0~80 em T JZIRA) TN 1/3 N AEAI4# P K
NEAEILAE, IR 2/3 N BB REGE R, B 3 Kar
KA L HTRIHRG K B () 20% 0, ( 5B 7K 43 it 0, Sy
FAE 57K B ) \40% 0, (56 BE K 5l ) (60%6,( T %
IKAT) KR BREAT R A il 40, 45 4k 2 it I 7K SF
TEWLR 1, A0 3 B, A 3K, EakLHE
G, FRRAE AL B IS — 8 A2 47, 35 BOR A v 35 4%
AT 10 FrYIREr ROoR AR AT A AR AL S AR AR D
FE S AREE T TR A 2 a BRI T (E
1.2 MEmMBRAZX

AR HE 0 R+ R FH B A v 5 o v AR
FE R AM300 Y T FR S 2 5 i 7K S5 22 0 5
K FH 71 28 i B K S S0 7K 43 78 2 B I K
PO AT R A A RS 0 Rk B iz AR Y
MK YO BT R (0.1~0.5 MPa) ,
HETE(0.5~1.0 MPa), EE T 5 (1.0~ 1.5
MPa) , /"8 T-5 (1.5 MPa DI [-) 1)

2 255 B0 2 SR FH 2 5 AT R 92 i o 5 M X B
SR E R HL S N T (MDA 5 0 2 R
BAQE b2 R (TAB) Fba k™ #4814 5 1L il
(SOD ) i 1= 0] 7 R P R0 P g Y as Ji g 5 st 48k
Yy (POD ) 15 M A2 SR A AR AR Wk ) s il R
RS MEKIRIE " nIE R O R
TR e o e
1.3 HESH

KH Excel 2007 H#E47 80405 4k #4048 K, ) H
SAS13.0 BKF7E a=0.05 KT X 56 B0 s 217 07
Z4PATHI Duncan 27 LR,

2 ERESH

2.1 kBB TKIERBEIHERE T 4B £ K F

MR kB ZRI RN

i 1A 2 rha] DU B, 7R 22 2 a BYIUE
LR AT BT R A, AR FE N PLK, |
N,P,K, N,P,K, FEMI] N /K0, 2 (40%6,) Fi
HHE(20%6,) /K3 WA N3 7KV B HTAR 36 1 B
eIy, ELAS /KT ] A2 R 22 52 A8 2.3 (P>0.05) . B
At N BRI, 2 FK > A T AR R
AV S0 <RI PRl W <] 5 - A NNER < S S |
ARNEZE AR, BEA I N BN, 2 FhoK 43
I TR T R R IR (40%6,) 7K 53 it
T N ZKF-A T BRI i B /) 5 B (209%6,) 7K 53 Hiy
R NP R B de /), L% K- 5] 28 1 22 5 1 2%
M Jr K A2 M N A, 7R T 5 (40%
0,) EZ (20%6,) Pria T ¥ N,KF S iR, 5
JET5(40%6,) I N, -5 45 7K V-] 22 53 1. 3% 7E H 2
TE(20%6,) 8 T N, 5 N, N, 227 B3,

AbEE N,P K, N,P,K, N,P.K,, [il— P /K0,
TE 2 FUK SIS BRI K BARE (40%6,) it
I SR SETH I, P, 7K BT 38 1 e i /),
JE(20%6,) /K53 i3 T 5 BT PR R B
AN, HASRFRIZE AR, MR PRIt 4R
SREETHR RS TR (40%6,) Ko ba T
P KPR Je /I 1T 7B (2096, ) B 3E i P, K 1
Belm /)N, HA K0 22 5 AN .35, BB G P i i
IR Y S L L AE s ISPy RN ]
HARSE P7KOF R i AR IR f5c /1N, 45 7K OF- 8] 22 57
W2 BREKIY (40%6,) Wi T MR ok #5222 4
P KV 1 MR B L5 A K S 28 i 22 S o 3 5 T
IKIT(20%6,) il T i Rk #2280 R P KF3E i
RO LA HE MR 11 2 S 25

ALFEN,P,K, N,P,K, N,P,K,, Hi[F] K 7K F-t,
TE 2 BlOK T RE T B I i 22 R a3 fE e
L FA0 B AR R R B/ N B9 23 S K (K K
o, HAS K0 22 5 RN 3 BB (40%6,) K53
AT AR R R T RS, HE (20%6,) K531
AR BT N T AR K KR
PR R /)N, HA K 8] 28 A8 3% . AR KK
W FREE (40%06,) K53 it T it AR 2 T K
KV THIE R K T B RE (20% 6, ) 7K 43 e it 1 AR
ARSI K KT B AR T R R OR, %
IO 22 W 2 . R KA 2R AR IR BE (40%6,) 7K
SRMEI K, KA i e A, A5 A K 1 AR i 22 S



5513

A1 FAHEE K I3 B K AERE G Xl A A K S R A I P P B 149

3 HEE KT (20%6,) AT K, KA R ok
H 5 H A [ 25 5 W 2

NPK 32 HAE B S5 R R B g K 32 23
(40%06,) 7K 43 38 i N, P K, b B3 4 5 /0N, Ay
11.3% , 5 FE 7K 53 (20%6, ) e BF NP, K, b 3 R i
/N, N 14.7% , H#B5 N,P,K, N,P,K, fil N,P,K,
ARBEZESE 3 RS B AR (4096, ) K iE
BN, P, K, Zb B i T BUR R R B & T 6.5%),
N,P K, 5 N,P,K, [ [ i 2 55 b 35 5 5 B 7K 43 (20%
0,) 38 B N, P, K, b B ek i AR B I /)
(7.8%) , H5 N,P,K, [H] i 25 5 4 2, oAt b 2 i)
EFRARE, MEREEZINRE(40%06,) K53
SN, P KA A X S R S AR T T
0.4% , 3P N,P,K, N,P K, 5 N,P,K, %5 B3, &
JE(20%6,) /K 43 W3 i) N, P, K, &b 31 F i fi /s
(19.8%) ,N,P,K, N,P,K, &% N, P K, &b # ] 45 i 2
SARE, HHAMA A ES BE . RE(40%6,)
KA 38 I N, K AL B ) K #0253 B A 0.285
MPa, R R AN S [ T 3.7% ; T FE K53 (20%0,) Hhie
N, P K, Ak B R K #2255 9 AIR, A 0.798

I [ # Leaf area/cm’

I 7K 34 % /MPa
Leaf water potential difference

0 L .

VEVENENEN RN RN

S - - - VI VA9

zZ Z Z Z Z Z Z zZ Z Z
Ab ¥ Treatment

—-20%0, (2019)
—8-20% 0,(2020)

——40%0, (2019)
—e— 40% 0, (2020)

MPa, H  N,P,K,. N,P,K,. N,P,K,. N,P,K, .
N,P K, &b 3 % 7% 1% 5 N,P,K, . N,P,K, . N,P,N, .
N,P K, AbFH % AR R 22 Sk i 2
22 KOBETKEBEXNEME THHSER

TR R

MR 2 figE 3 dmr L& B, Ab B N, PK, .
N,P,K, N,P,K, , #f[5] N 7KF N FERE (40%6,) 7K
SrINIE T 2R i 5 ek TR L Ny K
(8 T B K 5 76 3 B (20%6, ) K 43 i T il 202 7
HEETHERE B, Hoh N KO TR ok, B4%
KT IR)AR I 2 S b Wl 3, RGOl N B3, 2 A
KAy a N AT MR B BT R R H R N,
IR B i e K, A% 7K - TR] 7% e 2 S A i 25

AEFEN,P, K, N,P,K, N,P,K, , #[& P /KFTF 7
2 R ATIE R I 2R & B AR e T R R A
HI2 PLACT- I Il 2 R B T iR R, HLA$ AKOT [ 22
SRR, HE P AT AT o R TR R
B AR PR I 2R 2 B TR B ok, HLA5 7K
) 25 AR

f=}
1

Rel
T

=)
T

RS 1 K B New shoot growth/cm
f=2)

N,P.K
N.,P.K
N,P.K
N,P.K

= NPK, [
N,P.K
N.P.K
N,P.K
N,P,K

P

M4 i/ (mg - g )
Chlorophyll content

R
Y S Y Y V)
Ay A Ay Ay Q—:) A =¥ =78 Q..‘ (=W
Z Z Z Z Z Z zZ zZ Z

Ab ¥ Treatment

—-60%6,(2019)
—0—60% 0,(2020)

1 KB TARGEREME THMM AR FHERE M KBE HERSENEL

Fig.1 Variation of leaf area, shoot growth, leaf water potential difference and

chlorophyll content of dwarf rootstock Fuji sapling under water stress
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Table 2 Variation range of physiological growth and water potential difference of dwarf rootstock Fuji sapling under different water stress

hby HrAg K & New shoot growth/cm 4 & Chlorophyll content/ ( mg - g’l )
Treatment 40%6, 20%6, 60%6, 40%6, 20%6, 60%6,
N,P,K, 1.543Aa 2.0225ABa 5.528ABCab 3.182Aa 1.505Aa 5.206CDcd
N,P, K, 1.1377Aa 1.0550ABa 4.651BCab 1.773Aab 0.499Aa 4.095Ccd
N,P,K, 0.7046Aa 1.6361ABa 6.227ABab 2.299Aab 1.483Aa 5.772ABa
N,P;K, 1.4399Aa 1.2155ABa 5.926ABCab 1.758 Aab 1.136Aa 4.177Cbc
N,P,K, 0.8862Aa 1.6869ABa 6.985Aa 1.94Aab 0.838Aa 5.588Aa
N,P,K; 0.6933Aa 0.6933Ba 6.032ABCab 2.613Aab 1.375Aa 5.681Bab
N;P,K, 0.4161Aa 0.6157Ba 4.182Chb 2.251Aab 1.298Aa 4.759Chc
N,P K, 1.6906Aa 1.9922ABa 5.386ABCab -2.156Bc -2.172Ba 3.832Dd
N,P,K, 1.1212Aa 1.2016ABa 4.765BCab -0.629Bbc -0.098ABa 3.182Cc¢
N,P, K, 0.6773Aa 2.6021Aa 5.974ABCab -1.777Bc -1.211ABa 5.325ABa
Kb TR Leaf area/cm? M7k 32 Leaf water potential difference/MPa
Treatment 40%0, 20%6; 60%0, 40%6, 20%6, 60%6,
N,P,K, 2.454Dd 6.53Ee 24.46BCb —-0.9685DEcde -1.3624Bb 0.412ABab
N,P, K, 3.792Bb 10.3Dd 30.741DEc —0.8463CDEbcde -1.8035Cc¢ 0.513Aa
N,P,K, 0.854Gg 2.99Hh 27.167Bab -0.3856ABCabc -10.3766Aa 0.223Bb
N,P;K, 9.287Aa 14.84Cc 23.337BCab —-1.16332Ede -1.195Bb 0.335ABab
N,P,K,; 0.738Hh 20.34Aa 39.584Aa —-0.185Aab -0.4685Aa 0.265Bab
N,P,K; 1.817Ee 16.35Bb 33.549Ch —-0.147Aab -1.099Bb 0.233Bb
N;P,K, 0.0731i 2.86l 21.903Dc¢ —1.3407Ee -1.1053Bb 0.412ABab
N,P,K, 3.23Cc 6.32Ff 25.063BCh -0.975DEcde —-1.2549Bb 0.365ABab
N,P,K, -1.267]Jj 1.52]j 19.563Ec —0.5968BCDabed -1.1277Bb 0.399ABab
N,P K, 1.327Ff 6.02Gg 25.39ABa 0.0112Aa -0.3487Aa 0.296Bab

T ARVNE FHRR 2R B #E (P<0.05) , RFAKRE FhE R 25 540 8.3 (P<0.01) , FIA,

Note; Different lowercase letters indicate significant differences ( P<0.05) and different uppercase letters indicate extremely significant differences

the same below.
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Fig.2 Changes of proline content and soluble sugar content of dwarf rootstock Fuji sapling under water stress
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Table 3 Variation range of osmotic regulatory substances content of dwarf rootstock Fuji sapling under different water stress

A FR Al R A EE Soluble sugar content/ (g * g’l ) Jifi &2 2 & Proline content/ ( mg * g’l )
Treatment 40%6, 20%0, 60%0, 40%6, 20%9, 60%0,
N,P,K, 104.7Aa -33.1 Aa 466.273Bb -8.286Ff -9.182Bb 15.582Bbc
N,P, K, -224.5Hh -200.2Ee 299.174]Jj -6.507Ee -10.299Dd 13.038Cd
N,P,K, -335.31i -393.11 404.117Cc -19.918];j -26.364];j 16.798Bb
N,P;K, -338.7Jj -305.1Ff 302.12310 -5.548Bhb -14.835Ff 15.906Bb
N,P,K, -115.9Ff -364.2Gg 499.916Aa -19.6051i -20.3431i 19.241Aa
N,P,K; -47.3Dd -403.2]j 383.295Ee -14.535Gg -16.352Gg¢ 17.197Bab
N;P,K, -38.5Cc -40.7Bb 380.815Ff -18.671Hh -10.016Cc 11.878Cd
N, P, K, -38.4Bb -116.4Cc 371.158Gg -3.619Aa -8.541Aa 13.352Ccd
N,P,K, -61.4Ee -156.2Dd 325.465Hh -5.911Dd -13.532Ee 12.347Cd
N,P,K, -219.2G¢ -390.8Hh 390.592Dd -5.896Cc -19.827Hh 16.735Bb
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Fig.3 Variation of relative conductivity and MDA content of dwarf rootstock Fuji sapling under water stress
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LbEEN,P, K, N,P,K, N,P.K,, #i[d] P /KFH},
POD FE PEAERRIE (40%6,) h3E i 52 F T %, P,
AP TR e 5 FRE (20%0,) 7K 43 kil T 58Tt
JE RS PRI IR B K AE 2 FhoKSr A R, 45
IRV TA) A2 1 2 Sl 3 o AHTE] P K- SOD g%
PRSI R B3 TR (40%06,) /K 5r 38 T Py
AP AR R K, T (20%6,) Wit it P, /K - (1728

i Fe A, HAS 7K 18] AL i 22 S 2

R (40%6,) /K43 e T POD TG 52 i Tk 34
AR R I KK U (209%6,) /K23 i~ POD
Mt I S S TH I A A K KPR R R K5 76 2 ok
TrIhIE R A5O[S R 22 S B B (40%6,)
RGP SOD B A 5 b T e, A8 R fie R
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Horp Ky /KP I T 55 78 2 FfOK M e T 25 KF
(] 25 g 2 e W 5

LB N,P,K, \N,P,K, N,P,K, #[F] K /KFHf,
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Table 4  Variation range of MDA and relative conductivity of dwarf rootstock Fuji sapling under different water stress

Qb F N B i MDA content/ (umol - g™') FHXTHL 5% Relative conductivity/ %
Treatment 40%6, 20%06, 60%0, 40%06, 20%06, 60%0,
N,P,K, 23.83Ff 26.586Gg 42.239BCab 1.6006Aa 2.1008Ff 14.645Aa
N,P, K, 20.20Jj 29.158Bb 44.153Aa 1.5428Bb 2.5928Ee 15.9398Aa
N,P,K, 24.64Dd 27.073Ff 40.794Aa 1.16591i 2.7431Dd 10.859Bb
N,P;K, 23.46Hh 25.182]j 40.942Bb 1.3609Ee -0.7558]j 11.6392Bb
N,P,K, 23.96Ee 29.724Aa 39.593Bb 1.1806Hh 1.6538Hh 10.6498Bb
N,P,K; 24.96Bb 28.329Cc 40.674Bb 1.0008Jj 1.25231i 11.1043Bb
N;P,K, 23.111 27.391Ee 43.263Bb 1.4999Cc 5.3391Aa 15.2681Aa
N,P,K, 24.79Cc 26.541Hh 42.458 ABCab 1.4812Dd 1.9002Gg 12.0592Bb
N,P,K, 23.49Gg 26.5291i 43.258 ABab 1.3564Ff 3.0334Cc 15.0494 Aa
N,P, K, 24.98Aa 28.037Dd 41.174CDbc 1.2615Gg 3.1955Bb 11.5695Bb
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Fig.4 Changes of POD and SOD activities of dwarf rootstock Fuji sapling under water stress
x5 KAWETARLEE T HRRPEEETLIEE
Table 5 Variation range of protective enzyme activity of young Fuji under different water stress

Qb B POD i%%: POD activity/ (U - g™' + min™") SOD % SOD activity/ (U - g™' + min™")
Treatment 40%0, 20%0, 60%0, 40%06, 20%0, 60%0,
N,P,K, -301.25Aa —-1486.17Ee 1731.54Ff -28.2Dd -631.511 64.8391h
N,P, K, -49062Cc —1497.25Ff 1509.8211 -19.1Bb -91.8Cc 53.71)i
N,P,K, -1631.63Hh —-2724.141i 3308.58Bb -70.7Hh -593.0Hh 182.64Cc
N,P;K, -372.47Bb —3224.52]j 2828.52Ee -96.21i -19.7Bb 152.26111
N,P,K, -1030.39Ff -2184.58Gg 3821.27Aa -48.2Ff -541.9Ff 195.51Aa
N,P,K; -1789.2411 -2581.67Hh 3216.59Cc -48.3Gg -569.0Gg 184.67Bb
N;P,K, —-1545.42Gg -895.31Bb 1314.58];j 10.0Aa 25.0Aa 137.34Ed
N, P, K, -931.58Ee -940.26Cc 1569.93Gg -31.4Ee -399.7Ee 87.93Fe
N, P,K, -741.71Dd =717.42Aa 1555.26Hh -21.7Cc -399.1Dd 82.534Gf
N,P,K, ~2290.71 ~1071.34Dd 2929.34Dd —146.4]} ~714.2]j 67.19Hg
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