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Effects of arbuscular mycorrhizal fungi on growth and photosynthetic

characteristics of Nyssa yunnanensis seedlings under drought stress
ZHANG Shangshan, KANG Hongmei, YANG Wenzhong* , XIANG Zhenyong

Key Laboratory of Rare and Endangered Forest Plant of State Forestry Administration, Yunnan Academy of Forestry, Kunming 650201, China

Abstract: Among various environmental stresses, drought stress has become a critical problem worldwide due to its dramatic
effects on plant growth and physiology, and recently, this has atiracted much attention. Arbuscular mycorrhizal fungi
(AMF) have previously been reported to afford greater resistance to drought stress in some plant species. The aim of this
study was to determine the impacts of AMF on growth and photosynthetic characteristics of Nyssa yunnanensis seedlings
through addition (Low AMF) or non—addition ( High AMF) of the fungicide benomyl at each water treatment. We further
aimed to elucidate drought resistance and associated microbiological mechanisms of this endangered plant species, which
would help to establish and implement protection measures. In this study, a pot experiment was conducted to control the soil
water content, and 100, 91.68, 82.85, 60.00, 41.86, and 21.28% of field moisture capacity were set. The seedlings were
subjected to different watering regimes and measurements were made at the end of the experiment to investigate the growth

and photosynthetic characteristics of N. yunnanensis seedlings. Plasticity index analysis and principal component analysis of
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18 indices of N. yunnanensis were integrated and analyzed using the membership function method to evaluate synthetic
drought resistance. These variables provide a theoretical basis for a better understanding of the mechanism of AMF on the
tolerance of N. yunnanensis seedlings to drought stress. The results showed that the AMF colonization rate of N. yunnanensis
roots significantly decreased under “Low AMF” treatments, indicating that differences in the growth and photosynthetic
characteristics of AMF—treated seedlings were caused by a reduction in the rate of AMF colonization in N. yunnanensis roots.
With the intensification of drought stress, the AMF colonization rate of N. yunnanensis roots significantly decreased and
changed both growth parameters, including leaf area, and photosynthetic characteristics, including net photosynthetic rate
of N. yunnanensis seedlings. High AMF significantly enhanced N. yunnanensis tolerance to the imposed drought stress by
improving both growth parameters and photosynthetic characteristics under conditions of adequate moisture and mild drought
stress. Nevertheless, there were no significant differences between AMF' treatments under severe drought stress, indicating
that this had more significant effects on N. yunnanensis seedlings than did AMF. The results also demonstrated that the V.
yunnanensis seedlings could not adapt to diverse water stress through plastic responses in morphology and photosynthesis,
whereas high AMF treatments led to higher plastic differences in both growth parameters and photosynthetic characteristic.
N. yunnanensis seedlings showed stronger drought resistance under high AMF conditions. The experimental results provide a
theoretical basis for the scientific conservation and breeding of N. yunnanensis. In conclusion, N. yunnanensis seedlings did
not show resistance to drought stress, but plants were dependent on mycorrhizae under water stress, which partially

compensated its effects.

Key Words: arbuscular mycorrhizal fungi ( AMF) ; drought stress; growth parameters; photosynthetic characteristics;

Nyssa yunnanensis
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% 1 G SR BT AR R, 2 R R PRI A 2 SRR R SRR N &l 7 SRR LRI (X 2
WS PRI T R G042 TEAETT SR 7l R Rtk S I A9 2 R DA G HiGH

OB i SRR AU DIAIOC . X T AR BT B, T R AR BAR R BE 52 T 4 i A=
FIAETG , ¥ 22 MR K R i BN K AR B s i & A A R 24 34, RHEK A & 4l il A K AF T
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{H 22 XS 2 B W SR 40 v AR IR A T e E I e IR AR T e AMF 1R 3%, FLAR G4 55055 (45.66% ) (SR
K)o WA, TEBHASAET AMF X 2 5 SR 52 e an ey, LR GRAR T 2B AR Tl RE A0 A 45 5 1 B2 S Anfe] e

AT 3 R T R A B, TR0 7 8 N DA, 3+ B A0 ARS8 A (K F 1 B 3l 2 F T
AMF X} 2 R R 41 e AR DG B R B SR, 2 T8 75 2 Pl i SRR G B I, S B IR R i /4R
PEELBARYE . KT R BRI s 0] AMF 35 | REICH S AT LA AR AL 2 3 AR 1T A

http ; //www.ecologica.cn



21 4 SRIMI 45T FME T AME Xz R 6 R 4l 1 A ORI B R AIE ) 2 ) 3

1 #RFFE

1.1 #h

PR B TS R 1 AESZAE S RS R4 . 2013 4F 4 H P ApE A KRR — S 4 s AR B A RN 10 L
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HELA) o SEIR AL PRI AR X 4 458 & 7K 5 ( Relative Water content, RWC) |, B4 25 19 + 4 & /KK 5 WHC 19 H 4>
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DK B FHZZAS T i 751 | R a bk G 7K 43 AR ZE G0 I 2R, 3CRE T DA B B8 b (R IE - 48 5% 2 ANk . ek
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K H Post—hoc Tukey 7745 5048 1 (1) b 2P, QSR B8 AN i 2 S50 50 19 25 7F , SR Kruskall-Wallis 75 46
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BE M EARASAY E 12 NMEPRE B EIEAK, HA 18 MEMRZ AIAETE 56 M 35 IEAI 5, 12 A W35 1
A, 5 AR A OG 3 N B A G
2.5 mEERRYE AR SRR FOGA R [ B 325 AT

ARSCR I E A AT 18 TR RT3 HT , HAR P 4 32 % o0 v BN 48 A ey it B AR S R R/
i ) B R PE RS

AL FAH KRR 1) 2o A AT 25 SR (3% 4 A1 5) T LA I8 AMEF bBEZR1F T, 2 i R 4l i 26 2 4>
TR RAE(ER 3.176, RITTTHRE R 87.771% , Ui A T il T AR AMF X 2 B i SR AT 2 4> 32 872
A RERERS 18 AR R A FEE R, FTISHEECT 2 S F A, e E T BRI RGEE R SE— E AR
Sy iR ER S A bR LSRR T SRR A B, Y90 0.90 DL b 7RSS T A A R ) A R A
Fiz B 24 XHE I/ MR YR HES , 4553 Fo s 1 b1 38 0= ik LU RN b 3505 432 W i EL, 4053112 0.908 F1-0.908

MEETHOCHRE A E R AT 4 AL (3 4 ISR 5) W LI Hh, 85 AMF AL |, 2R W ARSI 26 2 > F sy
HIRFIF(EN 2.725, Bt oaiikdehy 93.327% , Uk BT FEMHE T 5 AMF X 25 58 W R 1 T 2 4> 257K T ReAHE 18
AMFE I EEFE R, RS — B K 2 A A R RRIE ] 8 R B IR AR R IMRIRHES ], 55— oy
1RO A T A i R AR RS 7 ANEAR, 150 HR 0.90 DL S35 B T 2 i SR A 1Y)
AR 3 55 = M543 0.90 DL E#I WUE, ZME K 0.931, =5 R e 1 i Fr A7k 20 R RIS
2.6 AFIKIF AT L B AR BT 2 B 1 S 2T R i 5

ARARVRT I, NG AMF B 2% AMF 04T, B4y BB a Ay R Esa A9 A8k
H,P, TH G EAREST IR (F 1.2) ;58 AMF &0 T, =5 i R4 & DS BOR Ls 2 MR
A5 DR EFE AR R B B i AT S PEFE B (36 1.2) . @I xF B3R 18 NMEARILES T, AFALEE R
RN L PR R RS TR 6, NFE 6 nTLIEH, BHUKS S EAE WI-We U, &
AMF ZbFRERKG N T 2 B 3 SR &0y v 1) SR I oR B0(E, SRR pREUME 5331k 0.55,0.68 ,0.54,0.45 ,0.43 Fi1 0.44, 34
9T HAEAS K AT 55 T BT R

3 e

3.1 AR[EZK G ZR AR 2 p W R 4l i A R G B R Y 2

AR AR FIZR B 5 KB 7 R KA ] AME X 25 B i SRR S0 A TR R R Gt A5 B HAR Y Z5 28, AR
PR A B B PR T 2 g W SRR 4 e AR AR 3 (A AR b AMF b P ) S A i 7 A R DI & R A B A 22
S AT LA ORTE R AL S B (25 22 S LA e e

TRPa SRR E Y AR AP R, TR a8 E G T S e R L 10 SRR,
AR KR I, 4 B B2 B R AR A TR, AT A R G B B R AR B AR W
WA T 5 Pr0 FR I A3, 2 e iR Al (R R I A AR A A A T 3 AR i i B i AR R
A 8 MR AT AR, 1X -5 A e 5 e BB B 3 A5 0F T SR A A mT DL o 10 2 vy T SRR AE H 2 VA
S, PR 25 R AR e =2 0T 5 kA 0 SR AR e o BC O S A A T AR K FE AR I, 2 R R
R LWy B 2 oy B3 M B AR b, T RIS a7 R, A A (7 2 e SR DA A R 2 M0
Yy ox KA 150 o0 A= W i 0 0 G R B 2 A B IR IC RN T TTARAS B 22 /K Zr FIVE SR ARG B2 0 Ml T T
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BFERE, X—E R DR T 2z R AR R I nl R 22 AR s AR M O Ul R AR T KL,
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#5 AFE AMF LEEGTERIGES REIER
Table 5 Principal components matrix under different AMF conditions
- F 4> Principal component
e 1 5
Characteristic
AMFO AMF1 AMFO AMF1
R E i Belowground biomass 0.993 0.995 0.082 -0.039
R Height 0.983 0.989 0.125 0.082
B Total biomass 0.979 0.986 0.163 0.143
-3 4 Aboveground biomass 0.969 0.970 0.207 0.220
AN AL K 3L Relative growth ration 0.958 0.945 0.251 0.286
- F % H Number of leaves 0.923 0.981 0.383 0.187
TR Leave area 0.905 0.821 0.398 0.554
G, 0.871 0.880 0.244 0.471
P, 0.796 0.950 0.508 0.312
T, 0.758 0.856 0.534 0.487
sE Lt A iomas
ML boveground bloimaqs/ 0.536 0.238 0.265 —0.824
Belowground biomass ratio
H BFR Ay AL
.162 . . 77
Aboveground biomass/ Total biomass 0.16 0.530 0.908 0.778
. 17/ Wy-EL 1
lﬂ%T%{S)}d—jﬁi it . -0.162 -0.491 -0.908 -0.679
Belowground biomass/ Total biomass
C; -0.450 -0.633 -0.886 -0.733
L, 0.450 0.633 0.886 0.733
MR R LAR 0.415 0.692 0.820 0.648
IR IR WUE -0.059 0.049 0.809 0.931
LT AR SLA 0.474 0.833 0.753 0.507
®6 ZEERWMREUESITEME
Table 6 Comprehensive evaluation of Nyssa yunnanensis indices
2 W1 w2 w3 w4 W5 W6
Characteristic AMFO  AMF1 AMFO  AMFI AMFO  AMFI AMFO  AMFI AMFO  AMFI AMFO AMF1
T
%A 0.47 0.44 0.42 0.46 0.45 0.72 0.53 0.40 0.35 0.29 0.30 0.44
Number of leaves
BE# Height 0.53 0.90 0.49 0.57 0.57 0.33 0.58 0.44 0.57 0.30 0.52 0.86
0 3 R
)FHXTT:FJKLK . 0.40 0.68 0.48 0.35 0.51 0.40 0.46 0.40 0.44 0.33 0.36 0.08
Relative growth ration
P, 0.60 0.56 0.53 0.43 0.59 0.29
WUE 0.53 2.35 0.33 0.44 0.35 0.52
IL_‘II‘ - =N
. ﬂ:%g 0.43 0.41 0.63 0.28 0.51 0.72 0.40 0.49 0.44 0.58 0.37 0.48
Total biomass
e 2
oL uﬁﬂ\dﬁ%%‘ 0.48 0.45 0.48 0.37 0.59 0.72 0.41 0.50 0.39 0.47 0.58 0.48
Aboveground biomass
N AT =N
ﬂﬁTé{Sﬁﬂ:%g 0.36 0.35 0.51 0.47 0.42 0.54 0.29 0.46 0.28 0.52 0.25 0.37
Belowground biomass
T F Leave area 0.92 0.42 0.44 0.56 0.38 0.23
o B A L
Aboveground biomass/ 0.57 0.53 0.55 0.32 0.34 0.30
Total biomass
R A L
Belowground biomass/ 0.43 0.47 0.45 0.04 0.47 0.47
Total biomass
7. J:) 5y gg‘
AR R 0.51 0.55 0.49 0.68 0.50 0.54 0.40 0.45 0.41 0.43 0.38 0.44

The average membership function
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TR A A 0 A K AEAR KRR B B2 Tl A VR T i 17 10 6 A 1 X ik e S gk 7 2224 A+
TR W A TE T SR R8T A5 R iR 76— i 1 P, B 2 B8 B8, i - B e A o
SR E AR AL T AP RN A AR R K A AR AL Bt R AR G, PT LA R 1K ik . %
YR TR P, MR G SRR, (R BEE KT FEBE A 458, C, RN CO, MR BE 35 2 P-4, Hh B 5ERE
RFF S B s, LA WUE MR JeTHSREY . AR5, s m i W8 P, T G, 3 MMETRkEE T R
B 2 2 RS LA WUE WSS R 5y, R, T 5l 551 T =/ R R 4 i AR AR
P B b T ELG A HLAA 473 35 6 T U AR R IR SRR T = SR g i i AR
3.2 AR ZAE T DA TR AR B X 2 7 1 SR 2l i A R R B RR AR A 52

TRMA KT AM B SHEYIE K AR B A —2e 5y > 70 BRACT S i it 2 i R X = e
A HEAT AMF ALFE % BK AT ME N AME X285 15044 A6 A= 90 0 A BRES BR52 im B, AMF 6 A= REAS (I ik 2 T
5 KRN 578 37 W, SO AE AR T Bl B pT RO B kL T R Az B JEE Y R
( Glomus moseae) . AL T /N ( Triticum aestivum ) B8 FEAERKFBER L, e TR S, Bk 7Ob A
YER™, BUeERLRZEA: 75 R R RF RIS 5T T /K o0 Wil 25 1F F F2 P BE P BR X T K ( Zea mays) EFRHEK
TP RPER R Y BAL S LB, R4 65 AMF #2555 T R B85 i A KRR, A
55 v VS B AR 11 A B G SR B8 A A T 2 Bl W SRR Gl T I A P A T AR I R AMF 23R 5 8 M EK
FebR R W IEAOC R . TEMMNA ATV, AMF X 2 B W SR AR 2 i (0 1 BA S , (ER 30 7 Jhlkac J 300, 52 2 ot
HFZ W KT AMF BYSEM 30 AMEF X5 BT R i 200 T 1 o B R A i B 1EH

AMF A DAR G AR FRCR 358 15 FAEY AT 2L 72 IR 2058 KB AMF 0] DU = AR Z Akt
AHDCEHER(P,) FEBHEE(T) BT SILFE (G,) FUKAFIHBER (WUE) |, K50 BE T 42 2E4E S
BE ) Morte Z57E M) H 28 AR PR B2 M 28 IS R SAL S RGO A R H 500 ) AR5
H A TR AR A ALk BT 25 T T SRR 4 AR A AR AR 7 A T BRI R IR, AMF A B RE S 4R 55 2 B 1 SR 4l 1Y)
R KR AL T MK FIIRCR S S s U R e 0, XTI AR E 1, B e mm s R
WA AR A2 R LA A L R B ) SR R S T L s A R A A KR B RO A S B IR A G g
RRE AMF 2B EOE A HR SO A RE T 4R 5, B 15 = B SR A A KA i 38
3.3 AR AT P TR AR B TR X 2 7 1 SRR 4 BT P 52 T

A IAVEAR RO — e R B AT DU e g i nT SR AR BT RIS RK AR e T R AT,
AMF Zh ¥R 2 R 5 SR 9 1 A R D A S 50000 mT S8 50 30 A v, T DA G- b o, S 3 A5 B R T

e PREU T E AL T A Z AR bR I 2 A SE R L XA T 25 B VR B 0k, T LR R T SR Y A
T B A A AL T PP AR PR IR R B8 T A KRGS R AR 0 S LS M AR A, IF R 3R i oR AR 1k i
T TS, S5 TR R LIRS ST A W1 E] W6) , AMF AbFRHS 2 0 1 4 i 9 b 24k, B
T AMF ABE T &y 02558 i pR B o , A R BT R

WFFEUESE K A3 W 3 M A AR L 3 . Kaya et al. & I B AR AR YL £ i 35 42 v UG 77 ek Bk 20 1) FH A%
R HE N E A RRIC TN 1961 4RI, 25 g BAFERE K DU H B0 (i 3, A T 40 UK AR R K i
WA T 39mm, AN -8mm/ 10a, Hh H BB/ A B PR S, BB ENHTEamEE
SRR L7 b 7 SRR 4N AF [ K H pl 20 42 50 4EAR A B4R 270d B8R H FTAY 150d; 4F %5 H H 180d 98 /b %]
30d, AR IR IE I G MR L 2k A I R AR L, XA P RE 2 T30 2 e SR B AR AR e e R IR ) L LA
1M AMF {ZYL M FEAR, B T = ma W R G i Pt b . IR L , 2 B o SR BT S M AN i 9 49 80, i i 3 T
SR AESE PR/ AR S A A A B R TS AN SR AN LS 2 R AR K 4

LR NIRRT, T R0 0 2 R R L 0 AR KR SRR IE Y P AR T R R T 2 R SR G
ARG PR (AR AMF S 2 m i SRR RIE L R A E G R — e B 1 mT DAGR i+ 2 b o)
PRI B 105 3 W L v (R e A AR XU AR BE T o e R S i B D R SR TR ik
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ZARK R S PR AT LUVASS T 24 A= B A9 152, 00 b T LG g T 58 i) AMF 352 24 1l U fise = 0K 53tk
Z IR QLR R T 2 B R AR RN 5 e R TR T — R AR R I, sl R a
Mo AP I GRAP RN IR SR, DRAP i ) 2 R A JLAR TR0 0 B AR K A8 RSB T B4, %
73 W R SR G — 28 i DR R 0 A SR BE . T AITTE 2 g R DL AN SR A AR, 1% 2 i S R T
JEAR PTG A R b CRE 2 g RN IR /K 5T R 0 A 58, U D 2 g i R A I AR B S A A K 5 B
T AMF A] LAHE 5 22 B RO AR AT 45 2R e SO ORI 3 4 2= B SRR AMF G590, SR AMF B2 51
I HATSSRATAEVE 22 I, it B R E— 22T o AR ST N AR AL W E AR TE 2 g S R A A DR 0 S B8 10 2
Jr AL TR AR
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