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Effects of humic acid on photosynthesis and endogenous
hormones of oat under drought stress

ZHU Shanshan,MI Junzhen,ZHAO Baoping, WU Junying, WANG Ying,LIU Jinghui

(College of Agriculture , Inner Mongolia Agricultural University s Hohhot, Inner Mongolia 010019, China)

Abstract: [Objective] This study investigated the effects of humic acid (HA) on photosynthetic pa-
rameters and endogenous hormones of oats leaves under drought stress, so as to provide guidance for
drought resistant cultivation of oats. [Method) The oat variety of “Yanke 2” was selected for pot experi-
ments. HA was sprayed under three water conditions of normal water supply (75% of field water capaci-
ty) smoderate drought stress (45% of field water capacity) and severe drought stress (30% of field water
capacity). The plant height, leaf area per plant and leaf photosynthetic parameters (photosynthetic rate
(P,) ,stomatal conductance (G,), transpiration rate (T,) and intercellular CO, concentration (C;)) and en-
dogenous hormones (auxin (IAA),gibberellin (GA) ,zeatin nucleoside (ZR) and abscisic acid (ABA)) of
oats after spraying HA under drought stress were studied. [Result] Oats growth was significantly inhibited

under drought stress. After spraying HA,plant height and leaf area per plant of oats increased significant-
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ly. P.,G, and T, in leaves increased significantly, while C; decreased significantly. IAA, GA and ZR in-

creased significantly, while ABA decreased significantly. Among above indexes, the effect of spraying HA

under severe drought stress was the best. P, and T, had very significantly positive correlation with TAA,

GA and ZR,and very significantly negative correlation with ABA. C; had very significantly negative correla-

tion with IAA. G, had very significantly positive correlation with ZR and GA,significantly positive correla-

tion with TAA and very significantly negative correlation with ABA. [Conclusion) Spraying HA under

drought stress can delay oat senescence and promote oat growth and development by regulating photosyn-

thetic parameters and endogenous hormone contents of oats leaves.
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Different lowercase letters indicate significant differences among treatments in same periods(P<C0. 05)
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Table 1 Effects of humic acid on photosynthetic parameters of oat leaves under drought stress
AT AgitE  RERILE P,/ c/ G./ T./
Grow stage Water Humic acid (pmol* m~2 ¢« s71)  (pmol * mol™!) (mmol*m™%+s ') (mmolem™%+h1!)
treatment treatment !

M1 CK 10.45+0.35 a 217.5047.50d  299.67+23.76 a 9.7340.40 a

HA 10.4040.50 a 214.334+11.02d  311.50+8.50 a 9.9040.80 a
4 1 M2 CK 7.3340.42 ¢ 355.0047.55 b 207.33411.93 ¢ 5.5740. 32 be
Jointing stage HA 8.3340.21 b 314.67412.34 ¢ 248.00£11.79 b 6.2340.15 b
M3 CK 6.03-0.25d 421.334+16.56 a  153.00=5.00 d 4.67-+0.214d

HA 7.00240. 26 ¢ 368.6745.51 b 189.33%+8.50 ¢ 5.2740.31 cd

M CK 12.4540.49 a 120.00£5.00d  432.33+36.23 a 10.40-40.30 a

HA 12.40+£0.50 a 407.67+19.01d  464.33+£26.27 a 10.10£0. 00 a
Jilr e 44 M2 CK 9.6040.35 bc  491.33+9.45b  331.00+15.89 ¢ 5.9040. 26 be
Heading stage HA 10.67-+0.38 b 455.33+20.01 ¢ 385.3349.00 b 6.80+0.10 b
M3 CK 7.674+1.10d 536.67420.13 a  260.00+10.58 d 4.13+1.19 d

HA 9.4340.21 ¢ 474.67+12.34 be  311.67+8.50 ¢ 5.1040. 56 cd

M1 CK 12.2340.32 a 336.0046.24 d  349.67+11.15 a 6.60=0.30 a

HA 12.6740.45 a 312.3348.33d  356.50£16.50 a 6.6040.30 a

T3 3 M2 CK 8.1040.10 ¢ 413.67+21.08 ¢ 246.33+12.58 ¢ 4.474+0.15 ¢
Filling stage HA 9.5340.15 b 389.33+16.07 ¢ 288.0014.80 b 5.1040.10 b
M3 CK 6.7340.21 d 491.00+14.05 a  195.00-+7.81 d 2.774+0.15 e

HA 7.9740.15 ¢ 448.67+19.5b  231.33+2.08 ¢ 3.4040.17 d

T« [ 5B 5 R AN A /NG 5 3R (7] — A2 3 ISP AS [R] Ak 3 ) 22 53 {2 3% (P<<0. 05) . % 2 [A].

Note:Different lowercase letters indicate significant differences among treatments in same periods (P<C0. 05). The same in Table 2.
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Table 2 Effects of humic acid on endogenous hormones in oat leaves under drought stress ng/g
wwny KPR AR ABA % & 1AA & GA & H IR % Bt
Grow stage trca;mcnt trcatm;nt ABA content IAA content GA content ZR content
M CK 23.31£0.73 ¢ 65.8141.91 ab 15.80+0. 46 a 11.554+0.98 a
HA 22.68+2.83 ¢ 64.37+1.68 a 15.90+0.29 a 10.024+0.38 b
?}i'ﬂrﬁﬂ M2 CK 25.1641.39 be 55.6640.79 ¢ 13.87+0.15 ¢ 8.73+0.07 ¢
Jointing stage HA 23.7540.98 ¢ 62.99+1.34 b 14.63+0.13 b 9.22+0.15 be
M3 CK 32.09£0.74 a 45.62+1.72 d 11.29+0.30 e 7.58+0.29 e
HA 26.85+1.08 b 53.16+0.71 ¢ 12.50+0.36 d 8.54+0.44 d
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R 2(&) Continued table 2 ng/g

wrnpy KA RHEE ABA it IAA & GA 4 i 7R it

Grow stage trca;mcnt trcatrﬁ;nt ABA content IAA content GA content ZR content
1 CK 54.48+1.28 d 72.03+3.07 a 17.44-+0.33 a 22.3841.92 a

HA 55.0743.42 d 70.2741.30 a 17.4740.19 a 24.19+1.54 a

e e CK 72.4542.03 b 62.6623.57 b 14.8540. 14 ¢ 16.1140. 38 ¢
Heading stage HA 67.10+1.38 ¢ 65.41+1.11 b 15.58-0.29 b 18.67-0.20 b
M3 CK 81.6940.94 a 49.3841.214d 13.4640.20 d 8.98+0.23 ¢

HA 73.5743.12 b 56.5240.85 ¢ 14.5240.31 ¢ 11.07+0.26 d

1 CK 67.89+1.64 d 67.15+2.53 a 13.39-0. 22 a 10. 89-£0. 75 a

HA 63.87-20.80 d 67.45+1.63 a 13.3740.40 a 10. 280,27 a

WA 2 CK 76.0741.84 be  58.57+2.02 b 10.00-£0. 08 ¢ 7.3940.18 ¢
Filling stage HA 70.9142.03 ¢ 65.9140.89 a 11.1440.35 b 8.3940.30 b
M3 CK 86.14+1.50 a 19,4841, 23 ¢ 8.5740.10 d 6.1940.14 d

HA 81.0748.20 b 56.400.58 b 9.8340.15 ¢ 7.1740.20 ¢
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Table 3 Correlation between endogenous hormone contents in oat leaves and photosynthetic

characteristics and growth indexes

LD
Indicators

ABA & &
ABA content

IR fr ik
ZR content

IAA &4
TAA content

GA & it
GA content

7=
Plant height

BRI 1T A

Leaf area per plant

P, —0.894* 0.670* * 0.879* 0.729** 0.579** 0.852"
C; 0.566 —0.058 —0.660" —0.064 —0.940" " —0.929**
T, —0.927" " 0.904 * * 0.849* 0.863** 0.271 0.622"*
Gy —0.901*~ 0.901** 0.831* 0.911*~ 0.236 0.604**
#5 Plant height —0.450* —0.059 0. 556 —0.099 0.892**
LRR I H
Hf e i B —0.746* * 0.321 0.786* 0. 329 0.892**
Leaf area per plant
TE: x FoR BFEAM L (P<0.05) 5 » » Fonbi i F A2 (P<<0. 0D,
Note: * Indicates significant correlation at the P<C0. 05 level; * * Indicates significant correlation at the P<C0. 01 level.
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