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Effect of mycorrhizal fungi inoculation and nitrogen fertilization on
physiological characteristics, growth, and nitrogen and phosphorus
uptake of wheat under two distinct water regimes

ZHANG Bei-bei, ZHANG Hui, JING Qi, WU Yue-xuan, XIAO Si-ze, Wang Miao-miao

(Key Laboratory of Disaster Survey and Mechanism Simulation of Shaanxi Province / College of Geography and Environment,
Baoji University of Aris and Sciences , Baoji, Shannxi 721013, China)

Abstract: In order to explore the effects of mycorrhizal fungi ( AMF) inoculation and N fertilization (0 kg -
hm™ and 180 kg - hm™) on wheat growth, WUE, nutrient uptake under different water regimes, well-watered
(WW) and water-deficit (WD) , a greenhouse experiment was conducted and relationships among the phosphorus
(P), N concentration of stem, seed, and WUE were also analyzed. The results showed that the specific leaf area
(SLA) of flag leaves was significantly increased by AMF inoculation under the two water regimes while the SLA was
lowered under N fertilization and the relative water content (RWC) was increassed under drought conditions. Nitro-
gen fertilization significantly increased the leaf Pn and Tr but AMF inoculation only significantly increased the Pn
under N fertilization and AMF inoculation by 31% under water-deficit condition compared to CK. The WUE and in-
stantaneous WUE ( WUEi) were enhanced by N fertilization and AMF inoculation under both water conditions. Un-
der waler-deficil condition, the wheat WUE increased by 13.02% and 1.17% , respeclively, under the inoculation
of AMF and N fertilization. In addition, the leaf carbon isotope discrimination ( CID) was also increased under dif-

ferent treatments. Combined N fertilization and AMF inoculation significantly increased N concentrations in wheat
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stem and grain, plant height, biomass, and grain yield under water-deficit situation. The P concentrations in stem

and grain were also increased. In addition, the WUE was positively correlated with grain N, and stem N, P concen-

trations. In general, the plant physiological characters were decreased by water-deficiency but improved by N fertili-

zation and AMF inoculation under water-deficiency.

Keywords: wheat; growth; drought; mycorrhizae fungi; nitrogen fertilizer; nitrogen uptake; phosphorus up-

take; water use efficiency
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[ e KRR 7K H, WW 5 7K 43 3, 40% I 8] e K 15

JK &, WD) AP B ( AMF, Glomus intraradices ,
SURMEE AT 1600 A ZFAR ) HeFh K V- (HeFh RIASEE
) 28, BEHILIX 2 %31, 8 AL FR H 4N Ab 3 4
HE A WW H WD FEF 35004 4 A0, (1)
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Table 1  Analysis of variance of effect on relative water
content and specific leaf area of flag leaves of wheat
subjected to different N fertilization, AMF inoculation

under two water conditions

q L~ =N It E{
Water regime  Factor Relative water Specific leaf
’ content( RWC) area (SLA)
N 25.76* * 93.66" "
wwW M 1.55 1041 "
MxN 0.22 0.30
N 0.19 29.30" "
WD M 13.87* " 11.17"
MxN 0.38 0.66
ANERS L FE
The F vaule under 51.04** 29.47%*

different water regimes

BB ERT FE, H o« P<0.05, + = P<0.01, N:
SECALHE M . FUTH A0 HT 5 WW 2 95% H [] 45 7K J5t 5 WD » 40% H 1] 457K
B, T,

Note: the numbers in the column mean the significant F' value. * P
<0.05, * *P<0.01. N: nitrogen treatments; M: mycorrhizal fungi inoc-
ulation; WW ; Well-watered (95% field capacity), WD: Water-deficit
(40% field capacity) . The same below.
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T CK RN M, TERNEHEFN ;N FUE 180 kg -
hm 2 4580 MN 20 180 kg - hm™245fh, FE,

Note;: CK: no N fertilization and non-mycorrhizal

4b ¥ Treatment

inoculation; M: no N fertilization and mycorrhizal inoculation; N .
180 kg - hm™ N fertilization and non-mycorrhizal inoculation;
MN: 180 kg « hm™ N fertilization and mycorrhizal inoculation.

The same below.
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Fig.1 Effect of N, mycorrhizal inoculation under WW
and WD treatments on relative water content (RWC) and

specific leaf area (SLA) of flag leaves
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Table 2 Effects of different N fertilization and AMF inoculation under two water regimes on leaf

photosynthesis (Pn), transpiration ( 7r), water use efficiency (WUE) and carbon isotope discrimination ( CID) of wheat

Sy AN &S

i

Ab P j‘ﬁé@}: P ;fﬂi?ﬁq_{ Ir Instantaneous water use ~ Water use efficiency %%‘Eﬁﬁﬁfﬁiﬁ%i
Treatment Photosynlh?tzlc ra_l«la TI"&HSpll"allf)-,n rat:z1 efficiency WUE; WUE ‘ (,'ar'bon' isotope
/(pmol * m™ +s7')  /(mmol - m™ - s7") /(umol - mmol™") /(g ke discrimination CID/ %o
CK 20.28+0.97 7.21+0.99 2.81+0.15 2.75 £0.17 21.76+0.36
) M 21.48+0.85 7.28+0.24 2.95+0.74 3.10+0.10 21.46+0.18
W N 24.87x1.52 7.97+0.80 3.11x0.21 6.61+0.44 22.24£0.39
MN 27.10+£0.62 7.58+0.24 3.56+0.32 6.50+0.53 22.62+0.34
CK 17.27+0.22 5.05+1.09 3.42+0.10 3.13+0.33 20.21+0.40
WD M 19.78+0.93 5.08+0.24 3.90+0.12 3.32+0.36 20.20+0.41
N 19.94+0.99 6.26+0.79 3.30+0.36 6.51+0.80 20.68+0.20
MN 22.65+3.38 6.01+0.57 3.77+0.39 7.07+0.81 21.36+0.40
2SS (F {H) ANOVA (F value)
N 2.06 4.45* 475" 101.51" 6.27"
Ww M 2.31 0.18 2.02 0.12 0.02
M N 0.03 0.03 0.55 0.40 1.07
N 20.00" * 18.46™ " 0.01 32.97** 5.55*
WD M 6.18" " 0.04 0.99 0.37 0.83
M * N 0.25 0.24 0.03 0.09 0.90
AT F (E
The F vaule under 13.51°" 9.16" " 7.15%" 28.03" " 30.98" "

different water regimes

TE R PR AR T e pnifE DR, TR £, H « P<0.05, * * P<0.01,

Note: The values presented in the first part of table are meanxstandard errors. The last part of table means the F value. * P<0.05, * * P<0.01.

F3 TS AET RAEHEINFE BRI NE TR,
EREHSEYNNERSN
Table 3 Analysis of variance of effect of different N fertilization
and AMF inoculation on N and P concentrations in stem and grain

of wheat at maturity stage under WW and WD conditions

AP =N

R =
N concentration

B
KA Rb B FEAMT P concentration
Water regime ANOVA ZFF R R e

Stem Grain Stem Grain

N 30477 31.97" " 28.93" " 44.05" "

WW M 4617 4577 114 15.15""
MxN 1.40  0.04 0.51 2.41
N 28.88"" 8149°* 291 375
wD M 192 2.62 116 4.82*
MxN .03 1.52 0.13  0.22
AR AR F (H

50.49* " 40.67* " 7.39" 228.05" "

The F vaule under
different water regimes

RLFIZEFTBE & A B35 10 52 0 5 [R) B R R K o 45 14
AR BN R R B B A B R (K]
2B) , ANFALHT Fphr ZEFF A RO & i
ZIAFTEE W A GO R, Horp PR & E s
HRHRAGEEEENEMELR (r=0.5,P<
0.05) ,FPRCm F i 5 25 FF AU it 2t W 28 i AEAH G
K Z (r=0.68,P<0.01) ,

24 AELEBTNEMRS EVMEMTEERSHT
HIZR 4 F i PIRIOK 23 260 EUE R fn S TR
FERh R R T /NERIRR R o RIS SIS 0 K 2
R /N YR S e (] 3)
&4 FTHKSTALIE T FALHE ANF0 B A R X
INEHRE EYERFESMNES S
Table 4  Analysis of variance of effect of different N

fertilization and AMF inoculation on plant height,
biomass, and yield under WW and WD conditions

KOMAEBE Tr 20 H N Rk s

Water regime  ANOVA  Plant height Biomass Yield
N 19.98 " 117.23* " 254.47"*

ww M 4.44* 6.44" 7.38"

NxM 0.52 1.78 7.19"
N 16.40" * 1528 " 12.14* "

WD M 499" 5.68" 532

NxM 0.18 0.04 0.01

RIFK AR F i

The F vaule under 51.07* " 124.81* "  207.62"*

different water regimes
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WS A A IEA GG R B A& 7
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Fig.2 Effect of N, mycorrhizal inoculation under WW and WD treatments on grain, stem nitrogen, and phosphorus concentrations
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Fig.3 Effect of N, mycorrhizal inoculation under WW

and WD treatments on plant height, biomass, and yield
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Table 5 The correlation among water use efficiency ( WUE) ,

N and P concentrations in stem and grain

. PR N ZEFF N AR P ZEFF P
T
WUE WUEi cIp Grain N Stem N Grain P Stem P
WUE 1
WUEI 0.22 1
CID -0.71" * -0.04 1
FRLN s
Crain N 043 019  -0.60 1
FHNC 035 031 -5t 07t 1
Stem N
¥ P
*}*l 059" 053*"-049"" 050" " 068" " 1
Grain P
‘éﬁ: P 049" 0.14 -046" -028 -0.26 0.28 1
Stem P

1 Note: * P<0.05, * * P<0.01,

33 8

KA AR A A B R B B
T A2 VG AT 0 K G307 T S5 B )
KA RO ™ ABESE 5 A AT 45 HA
100, K4 (WD) T 7% 56 5 Wi /N 2 1 4 4 B 4
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RIS 0 3o — M6 2 3 5o R T S, L A T
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(PAR) HOWR I, 38 117 5 5087 10 T 400 0 2 72 /b |
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