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Abstract: Salt and alkali stress has adverse effects on soybean plant growth and nitrogen absorption, which seriously affects
soybean yield. Exogenous application of Trichoderma fertilizer is an effective way to alleviate the effect of salt and alkali stress
on soybean. Therefore, in order to clarify the effect mechanism of Trichoderma on nitrogen metabolism of soybean seedlings
under saline-alkali stress. In this experiment, the saline-tolerant cultivar Hefeng 50 ( HF50) and saline-alkali sensitive
cultivar Kenfeng 16 (KF16) were selected as test materials. Pot culture was carried out in saline-alkali soil, and 200 mL of
spores of Trichoderma harzianum , Trichoderma asperellum and the Trichoderma mixture, 1 x 10° spores-L™" per liter of soil
were poured into the soil. Chloroplast ATP ase synthesis, nitrogen metabolism and other physiological and biochemical indexes
of soybean seedlings were determined. The results showed that, salt and alkali stress significantly increased NH," content in
soybean seedlings, resulting in ammonia toxicity, while application of different trichoderma fertilizers significantly decreased
NH,’ content in KF16 and HF50 soybean leaves. The decreases were 38.31% , 41.56% , 63.62% (KF16) and 20.55% ,
25.58% , 55.62% (HF50) , respectively. Compared with the control treatment, the activities of Ca>*-ATPase and Mg’ -
ATPase in soybean leaves were significantly increased by 36.15%-5.22% (KF16), 28.51% -62.47% (HF50), 23.09% -
62.58% (KF16), and 14.37% 44.10% (HF50), and then promoted the photosynthetic rate of leaves to provide more raw
materials and energy for the nitrogen metabolism of soybean seedlings, and then improved the nitrogen metabolic activity of
soybean. In conclusion, the different Trichoderma treatments could effectively alleviate the damage caused by saline-alkali
stress on soybean and promote its growth.
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Table 1

Effects of different Trichoderma on the photosynthetic properties in the leaves

of soybean seedlings grown in saline-alkaline soil

plEsiEs SALTE JHarE] COLMRIE R A
A Photosynthetic rate/ Stomatal conductance/ Intercellular CO, concentration/ Transpiration rate/
freatment (pmol+m ~2+5 1) (mmolsm 2+ ™) (pmol-mol 1) (mmol+m s ~")
KF16 HF50 KF16 HF50 KF16 HF50 KF16 HF50

Con 6.42£0.04 ¢ 7.27£0.03 ¢ 0.036 £0.00 ¢ 0.040 £0.00 ¢ 332.15+5.36a 301.55+5.78 a 0.61 £0.01 ¢ 0.64 £0.01 ¢
TH 7.98 £0.12 b 8.14+0.08 b 0.040 £0.00 b 0.044£0.00b  293.06+3.69b  279.23+£3.49 b 0.71 £0.01 b 0.72£0.00 b
TA 8.11+0.08 b 8.36+0.11 b 0.046 £0.00 b 0.049£0.00 b  289.42+3.77h  283.73+2.71 b 0.74 £0.01 b 0.75£0.01 b
TH + TA 10.15+0.15a  11.32+0.07 a 0.052 £0.00 a 0.054 £0.00 a  253.09+7.21 ¢ 246.82+5.65 ¢ 0.79+0.00 a 0.82+0.01 a

£ KF16 Fl HFS0 43 IR R 16 M4 505 Con TH TA I TH + TA 4310 TEAEE AL FE WA PR B B A BRI I A B3 AP A B
BAEWK . AFR/NGFRRRRRA L B 25 57 8.3 (P <0.05) , N,
Note: KF16 and HF50 indicate Kenfeng 16 and Hefeng 50, respectively; Con, TH, TA, and TH + TA indicate no-Trichoderma, Trichoderma

harzianum , Trichoderma asperellum, and mixture Trichoderma treatment, respectively. Different lowercase letters in the table indicate the significant

differences (P <0.05) between the different treatments, and the numerical value was the mean value of five repeats ( = SE) , the same below.

2.2 HEHETARABEMNAEHFEXNES
B4 A
W1 R, KA (Con) B E R T A
PSR Y U R E RO e N T N )
B GRAR T ERTIE X KF16 F1 HFS0 K &40 i it
Fr IS A (P <0.05) , i FAE X o 5 R 4y
W FET 22. 74% 27. 09% 40. 74% Fi 15. 80% .
19.65% .38. 08% , H X} KF16 B 2% it 5 5B 4 T
HF50, {02 TH Fl TA KR8 Z 0] 22 78 2 iR
G AR RSO B 4T LA A B U8 B R R R
TR HE B 0% 22 A R BN 200 X6 K L &0 v 462405
2.3 HEMETARAKEENKEMFHRRE
e
R 3 Pos, ERA8HE (Con) W EFFAL T KF16
A HFS0 B)# /R 1% 77 (P <0.05) , fff PSIT HLF
B BOR T [, A B R A 32 B, iF 1M 52 i o' & A
FHHEAT, HFS0 7 45 58 M 38~ 45 /K W36 ) i
KF16, 7Eit AR AR H AR5, KF16 A1 HES0 £y
MF A IR RGBS, 5 P T

35.49% 33. 66% .53.29% Fl 28. 60% .30. 37% .
51.58% , Hi K% TR & TR WA AR B &, HLX
KF16 [ 2R3 R4,

2 AAAEEMNEBTIRKEMHFEMNESENZN
Table 2 Effects of different Trichoderma on relative

electrolytic leakage in leaves of soybean

in saline-alkaline soil PN %
AbFR
KF16 HF50

Treatment

Con 0.46 £0.01 ¢ 0.38 +£0.03 ¢
TH 0.34+£0.02 b 0.32+0.02 b
TA 0.32+£0.01 b 0.31+£0.01 b
TH + TA 0.27 £0.01 a 0.24 £0.01 a

% KF16 Fil HF50 43510 % B % 16 M4 3 505 Con \ TH, TA FI
TH + TA 5350 TEARFGE AL I IRACH | A0 A B R A 2 AR 5 R
AR AR

Note; KF16 and HFS50 indicate Kenfeng 16 and Hefeng 50,
respectively; Con, TH, TA, and TH + TA indicate no-Trichoderma,
Trichoderma harzianum , Trichoderma asperellum,, and mixture Trichoderma

treatment, respectively.
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#3 AEABEXMHBTAZMHFHRREEDRZNE
Table 3 Effects of different Trichoderma on the
hill reaction in the leaves of soybean seedlings
grown in saline-alkaline soil

ﬁfﬁ:umol-mg-hfl

YL
KF16 HF50
Treatment
Con 9.27 £0.18 ¢ 10.14 £0.21 ¢
TH 12.56 £0.29 b 13.04 £0.37 b
TA 12.36 £0.54 b 13.22£0.72 b
TH + TA 14.21 £0.27 a 15.37 £0.62 a

£ :KF16 #1 HF50 4351 A3 B 3= 16 #1453 50; Con ,TH, TA FI
TH + TA 535 FTEARTERIAL B WA SRR TG AL A 25 R SR 3 A
ARG TE

Note; KF16 and HF50 indicate Kenfeng 16 and Hefeng 50, respectively;
Con, TH, TA, and TH +TA indicate no-Trichoderma , Trichoderma harzianum.,

Trichoderma asperellum, and mixture Trichoderma treatment, respectively.
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Ca’* -ATP Fll Mg’ *-ATP i i PE ¥ B & F R (P <
0.05), H KF16 T REIREE SR, FER a1,
A AR AR W 5, R 2 Fl KF16 1 HF50 #Y
I Ca* -ATP 1 Mg>* -ATP B35 P B it w1
R REEATT Ca’* -ATP Fl Mg® " -ATP [ 1%
PE2E SR B3 AR FR A TR R BE R A K
AN Ca®* -ATP FI Mg®* -ATP B M 538 & T H
flshh B, 4 S 4R T 65. 22% (KF16) 62, 47%
(HF50) #1162.58% (KF16) 44.10% ( HF50) , 0
ARG TR AL BT b 5 SRR R i A 0T 3 0 30 1
M) 17 B A P 4

W
(=]

HCon ' TH [JTA EMTH+TA
> 25+ a
o b b b
«g = 20 b c I

il I
[OR-N) C
28 15
Es
j: \E‘% 10 +
=
p 5t
0
KF16 HF50
i
Variety

1 KF16 Fl HF50 /3R B F 16 f4 32 50;Con ,TH TA 1 TH + TA 435 8 AR T HIALBE W4 90K AL A TS FIIG AR

HALA B R A R

Note: KF16 and HF50 indicate Kenfeng 16 and Hefeng 50, respectively; Con, TH, TA, and TH + TA indicate no-Trichoderma,

Trichoderma harzianum, Trichoderma asperellum, and mixture Trichoderma treatment, respectively.

1 ARAASBEMEHB LT AEME Ca’* -ATP Mg * -ATP B & 82200

Fig. 1

Effects of different Trichoderma on the Ca’* -ATPase and Mg”* -ATPase in the leaves

of soybean seedlings grown in saline-alkaline soil
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Nk 3 fros, Eh8H A (Con) WEREK T KF16
I HFS0 K& A NO; &8 (P <0.05) , HEh6
e b AR LY e FH AN [R]85 1R AR 0 G 4R
KF16 Fl HF50 K& 0 R NO, & &, a4 & T
38.31% .41. 56% .63. 62% F1 20. 55% .25. 58% .
55.62% , TH Fl TA K H LB T KT AY NO;
TR ARG RIES HRAEIT 8355

THABALHL, KF16 1SR AT HF50,
ERBENIE ( Con) B I T KF16 Al HF50 K
R 5 NH, SR WA RR R RS, W
EIRKT KF16 F1 HFS0 KGN F NH, & &, Fig
350 K 38. 31% . 41. 56% . 63. 62% ( KF16) #i
20.55% 25.58% .55.62% ( HF50) , /1 it 7] WL AN ]
KRBT AL FEXT KF16 1Y 2 7 1F 1] 22 i SOk 4 T
HF50,TH #1 TA 4P 22 AN i 3 (H R AR IR
BRI E T H A AR
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Table 4 Effects of different Trichoderma on the content of NO, and NH, in the leaves
of soybean seedlings grown in saline-alkaline soil Hfyf ;mgeg™!
NO; F ik NH, &
B
NH, content
Treatment
KF16 HF50 KF16 HF50
Con 10.62 £2.03 ¢ 12.83 £1.31 ¢ 39.80+1.31 a 35.50+1.24 a
TH 14.69+1.49 b 15.47+1.12 b 34.34£1.40 b 32.93+1.35b
TA 15.03 £1.58 b 16.11 £1.49 b 33.91£2.55 b 32.08+1.52 b
TH + TA 17.37£1.17 a 19.97 £1.56 a 25.79+£1.34 ¢ 24.26 £1.63 ¢

VE:KF16 F HF50 43 B8R B+ 16 F14F 50;Con TH TA Fl TH + TA 4} KT WAL BE 04 PR B BRI A B A R B FBIE A 25

REHW,

Note:KF16 and HF50 indicate Kenfeng 16 and Hefeng 50, respectively; Con, TH, TA, and TH + TA indicate no-Trichoderma, Trichoderma

harzianum , Trichoderma asperellum, and mixture Trichoderma treatment, respectively.

2.6 AEFWEHBIE TAXEMNH RNK G X B
E R R

TEER TG (Con) AL BRF |, BB FEAL T KF16 A
HF50 K& 5 Fi B NR |, GS, GOGAT ,GPT , GOT i}
TEPE(P <0.05) ,HF50 (6 3R = F KF16, %
B HFS0 HA Byt SRt | i GDH % M 0 &
PR T R X R EE I TR R K
NH, 93005 , 30 GDH B Gt E 4R = (£ 5) . A
[FAE W AL # R, KF16 A1 HFSO P4~ & A 9 NR
GS .GOGAT ,GPT ,GOT Rl i P53 32 &5 T 34.35%

~59.17% (KF16) 1 23. 56% ~ 51.42% (HF50) .
20.25% ~37.38% (KF16) Fl 16. 47% ~ 34. 62%
(HF50) .32.48% ~67.31% (KF16) il 23. 64% ~
57.85% (HF50) .25. 01% ~ 73. 78% ( KF16) Fl
24.82% ~ 59. 48% (HF50) .25. 25% ~ 69. 05%
(KF16) 1 16. 45% ~61.81% (HF50) , 1fii GDH I %
KT 21.88% ~38.34% (KF16) f1119.27% ~34.95%
(HF50) . BRI, R R AL TGS T Ema T
H R BERS PE , EAREETRTR & HBSCR B3 .

x5 ARAABEMEGFTAEMNHEAHEEENW

Table 5 Effects of different Trichoderma on the nitrogen metabolism enzymes in the leaves of

soybean seedlings grown in saline-alkaline soil

A7 pumol -mg ™' +h ™!

Ab 3 A5 R I S T i PR A i e P A T e G I e
Treatment GDH activity NR activity GS activity
KF16 HF50 KF16 HF50 KF16 HF50
Con 49.90+£1.78 a 44.35+1.62 a 31.24 £4.55 ¢ 35.50 +4.98 b 6.25+0.40 ¢ 6.86 £0.50 ¢
TH 38.99+1.83 b 35.81+4.33 b 41.97 +1.01 b 43.87 +1.64 b 7.52+£0.37 b 7.99+£0.35b
TA 37.72£1.99 b 34.37£3.17 b 43.72+2.86 b 44.21 £1.44 b 7.84+0.89 b 8.10+0.20 b
TH+ TA 30.77£1.75 ¢ 28.85+2.43 ¢ 49.72 +1.83 a 53.76 £1.55 a 8.59+£0.71 a 9.24£0.31 a
s BB BTG T A TR S R ARG R
GOGAT activity GPT activity GOT activity
Treatment
KF16 HF50 KF16 HF50 KF16 HF50
Con 23.02+£0.63 ¢ 25.35+£2.37 ¢ 3.42+0.19 ¢ 3.89+0.39 ¢ 4.64 £0.42 ¢ 5.23+£0.50 ¢
TH 30.50 £0.31 b 31.34£0.33 b 4.27+0.37 b 4.86 +£0.50 b 5.81+0.32 b 6.08+£0.35b
TA 31.31£0.57 b 32.24+£0.25 b 4.45+0.23 b 4.72+0.63 b 6.02+0.71 b 6.64+0.67 b
TH+ TA 38.52+£0.29 a 40.01 £0.66 a 5.94+£0.31 a 6.21 £0.44 a 7.84+£0.54 a 8.45+0.43 a

¥ :KF16 #1 HF50 43 At 3% B 16 #1434 505 Con [ TH  TA F1 TH + TA 43 B FC A TR AL B 04 IR B | A A 25 R I K B A A 55

LA

Note; KF16 and HF50 indicate Kenfeng 16 and Hefeng 50, respectively; Con, TH, TA, and TH + TA indicate no-Trichoderma, Trichoderma

harzianum, Trichoderma asperellum, and mixture Trichoderma treatment, respectively.
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SERIRIRE NI B = T A R RN 7, ORIE T
SER L S Sy NS e il = 3 A AP S R 2
A PSIT 25 ¥4 i F e M, 0 17 % At 56 0 b 360 2 3501
Ca’* -ATP Hl Mg** -ATP [l i 4 T K , 2 BH SISt
ANTRIA B T TS i 308 Ao 0% fige 6 ol 300 X oK i R
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JERE NH, B PR~ T il T A 1 1 F 2 il o AR R
Xt NO, WSO RR FET S M SE R 9T R I, 43 2 Ik
Je G U A SR U S AR A RS 5
GS-GOGAT xR EARIE SR E kit f b B 3k
WEBMAES A B R A TN A AR
feAk 2 B R 5 A IS W ) N, 58 A W) i 0t
P21 B R AR R P B 38 A SR AR it
R G M S IR 5 ER B 8 S T GS-GOGAT i
PR g A S0 AR AT b, SRR A R, AN TR 3
PRI WL i NO, B i34 i 38 NI, T NH, R
AR SR E R & AR R, 2 AR i 4R
B R ot R E FBlR R A N BT PEBL I AS TR], DA T 2 B0

FEW RFUR A 25 5, T £R 5 5 Al HFS0 2% B4
U A R AR AL BN AE —E FR B 4R & T NO;y
S BT NH, S,

HIAN B 52 25 2 & B0k B Jolk 3 it FH AR 25 7
FRIRERS AR UEMED T A i A v v . KRB
AR PR 2 B TR A R I U LA A i AR
T M T A R S ) e B R R R g, Hop
GS-GOGAT iR 1% W4 2 I e G 1t R A 280 IR 6 1 it
WY R T R, T A A R R
GOGAT F1 GS 1Y [m] [m] A2 4k 55 B 1 7 ) 1) 1 S 5t 34
RECE S N A ST I 117 STE I N NS ]
I 23 R i U T M R NH S i 3 R T
FEEH T HFE NH, A9RE 1A BRI s, 25 11 2 B
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