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Effects of humic acid on soluble sugar and endogenous
hormones in oat leaves under severe drought stress
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(1. Cooperative Innovation Center of Grain Industry, Inner Mongolia Agricultural University Hohhot 010018 China;
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Abstract Oat variety Baiyan 2 was used as study object to investigate the effects of humic acid (HA) on the sugar
components and endogenous hormones of oats under severe drought stress by HPGC-MS. Using potted plants. four
treatments with different amounts of water and spraying humic acid (Normal water condition; Normal water condition
spraying humic acid; Severe drought stress; Severe drought stress spraying humic acid) were set up. The results
showed that: 1) Ribose and sucrose were the main sugars of humic acid to relieve severe drought stress. Compared
with CK, the ribose content of SS increased by 5. 78% , sucrose increased by 83. 08% , and the difference was
significant (P<C0.05 the same below) . After spraying humic acid severe drought stress, sucrose and ribose decreased
significantly. 2) Compared with the control, the contents of ABA, JA and SA were significantly increased and the
content of IAA significantly reduced under severe drought stress. Under severe drought stress after spraying humic
acid, the contents of ABA, JA and SA were significantly decreased. 3) The content of JA was positively correlated

with xylose such as xylose, fucose and ribose. The correlation between SA and sugar was similar to that of ABA and
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sugar, and the content of SA was negatively correlated with fructose and glucose content. In conclusion, the humic

acid could relieve severe drought stress by regulating soluble sugar components and endogenous hormones.

Keywords oat; humic acid; sugar; endogenous hormone; drought stress
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PEAT T 530 Ak BE L A KT U AT 1 A mE
Jiti HALBEZE HA X5+ 5 da T g 22 i 7
oy BRI B R L B L W] HA S i f W)
52 RN I BRI BLIE RS L (BN G

1 HBSF®

1.1 iRIe# R &gt

I 2016 4E [ 5—6 H 78 N 52 i A ol B2
Bedd = P EAT, LA 2 57 Ak, BT A A A
Y —3L, M E AR RN 16 ecm, 5 15 cm, 256K 2.2 kg 3k
F ) e R AR E R IS KR R T
A5 AT AR RN FE K A3 . B TE R AR K H R R R
FRK R 75 % (CKO L IE # fik Kk w3 jii HA (CKH) 1
TR0 (SS H H] e K EE K H W 45%) , &
T EL 3 i HA(SSH)Y 4 ASAbFR, 454N kb B 3 7k
LOHREE M T AL, A 20 %k, 5 A 5 HIEFR.
5112 Hli#i.6 A 1 Hmiie HA,6 J1 6 H (e kb
T4 D PR T HORE
1.2 E#EEHE

BB PR 358 4 R JF 50 — R B e ik J L S B
BAWE T FE RS B IR BB b, AR
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8070 FH B LA 1 1K . & 01 2 WA IBOHE » SOAH o 3%
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K —112X107" T, DAEAEEE A PIAR DLE W) = 5
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1.4 BUEBRNEFE

HERIFR 10 mg FRT R A A 1 ml 80 %6 HI i
K F R AA N FR P Cs —TAA D, —SA . D; —JA Al
D; — ABA. 4 “C UK 46 i 6 7 & il %, 12 000 1/
min .0 15 min, B EH W . T )5 M & SPE A
gifb. A Agilent i, 4, SO RE I A K
iR (SA) , FRFTIR (JA) . V& e (ABA) FilE K &
(IAMN) &,
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F Microsoft Excel 2007 % 3 % 4% #1/E &l .
SPSS 17. 0 B A% Bt - 47 35 1 A0 32 1853 23 A o
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T AR LSRR L A 2 B 6-T R L AR L ok 9 B L BT
FLACRE AZHME 2 e A LD AR 11 Fh 5 55 RWE AL 45
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JIE 7 o AT VAR RE Y S R R R LR B
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TV ~8Y K = HE R 6% ~T7% , Ab B SS M
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x1 EREHREMHFEIEES S BENLLG
Table 1 The proportion of sugar in the oat
leaves in each treatment %

A 3 FEHE i ] % W i = H
Treatment Sucrose Raffinose  Glucose Melezitose
SSH 82.58 a 8.57 ¢ 2.39 ¢ 4.94 ¢
SS 79.43 b  10.91b 2.74 ¢ 5.22 ¢
CK 64.63 c 18.03 a 8.43 a 6.40 b
CKH 64.52 ¢ 18.51 a 7.14 b 7.26 a

TR R R AN R A R 22 [A] 1) 26 S B 3 1 (P<<0. 05)
Note: Letters indicate significant difference between different

treatments at 0. 05 level.

2.2 WBASMERS S

3 af Ab B 2 [R) S 2 A B 2 B AE BT 16 Fl
W 20 43 v ofe 5 R 4 0 -6l R A B 2 1R
BE RSN ERD . 4 ADAEBRR 14 B 5
TR AT R 2. /3 A AU B REIE(E 5K
Ko HARFAEAE > 1, RO 3 A 32 5 40 Xt i 1 728 8 19 ¢
R B L R 3 A A B A 3 L RO R 25 5T
Bk R 100 %0 JLFL At R B TR (R B .

x2 EIHHHOVBBRAETE
Table 2 Total variance explained of PCA (principal component analysis)
X EX AR . ) EX A E
A e L U e Tk %
’ DUHASS/ 70 ) p = DU/ /0
. FHAEME TUHRAE/ Y . _ Pa i FEAETH TR/ %% . '
Component Cumulative Cumulative
Eigen value Variance ) Component Eigen value Variance )
number variance variance
contribution number contribution
contribution contribution
1 7.566 54. 045 54. 045 8 9.725E-17 6.947E-16 100. 000
2 4.166 29.756 83. 801 9 —7.363E-17 —5.260E-16 100. 000
3 2.268 16. 199 100. 000 10 —1.221E-16 —8.724E-16 100. 000
4 7.181E-16 5.129E-15 100. 000 11 —2.040E-16 —1.457E-15 100. 000
5 2.729E-16 1.949E-15 100. 000 12 —3.450E-16 —2.464E-15 100. 000
6 2.650E-16 1.893E-15 100. 000 13 —6.482E-16 —4.630E-15 100. 000
7 1.504E-16 1. 074E-15 100. 000 14 —1.978E-15 —1.413E-14 100. 000
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Table 3 Principal component analysis

W20 53 FRr L EMST2 EMSS Wi 53 FWAr 1 FRS 2 FE 3
Sugar composition PC, PC, PG, Sugar composition PC, PC, PC;
AK¥E Xylose 0.942 0.222 0.252 HHE Frucose —0.570 0.301 0.764
BT Af % Arabinose 0.634 0.769  —0.083 | ##M Glucose —0.916  0.240 0.322
¥ hE Ribose 0. 367 0.919  —0.147 W Trehalose 0. 445 0.782 —0.436
A B Fucose —0.500 0.166  —0.850 # ZE B Maltose —0.813 0.571 0.115
11 ZL 4 Sorbose —0. 807 0. 465 —0. 364 HEHE Sucrose 0.923 —0.376 0.079
H #EE Mannitol 0. 605 0.796 0.035 P = HF Melezitose 0.991 —0.043 —0.126
R W Galactose 0.702 0.423 0.573 % = B¥ Raffinose —0.726 0.629 0. 280

AWt PCAI PC, 4 i & T HRF R &1
54.045% 1 29. 785%, R A & T HEkfE B M
83.801% ., I 1 fEWs H WA 45 kb 35 PC, Al
PC, % 2 b ¥ CK .CKH.SS 1 SSH 4 B 75 &~
[W] X35 |, 4 3 SS F1 SSH 7% 76 PC, 14 4 1) X [q]
CH #l CHK & ¢ 1E 1] X [a] , 15 B T 52 Jilp 30 Ak 2 = 22
SR A S PC R BE 43+ 32 260 AOBE L 40 B LB A
B =Bl B RS2 R K s kb 3 SS R CKH & 78 PC. 1
IE [ X ], SSH AT CK & 78 £ 1] X (], 158 W gt i Jig
TR £ m PC, M4, B R .

1.50F s

CK  1E#7K4> Nomal water condition

1.00f CKH 1E%# 7K 55 HA Normal water +HA

SS  HJET A Severe drought stress

SSH ¥ T R MHamiiiHA Severe drought stress +HA
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4
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Fig. 1 Principal component analysis scores

for 14 sugers on PC,; and PC,
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Letters indicate significant difference between different treatments at the 0. 05 level. CK, normal water

condition; CKH, normal water + HA; SS, severe drought stress; SSH, severe drought stress + HA.
B2 AEALEEFEEZIFEE(a) AKEE(D) EBE(c) &)  EZME(e)MR=ME(ESE
Fig. 2 Sucrose (a),Xylose (b), Fucose (¢),Ribose (d),Raffinose (e) and

Melezitose (f) content in oat leaves of different treatment
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Letters indicate significant difference between different treatments at the 0. 05 level. CK, normal water

condition; CKH, normal water + HA; SS, severe drought stress; SSH, severe drought stress + HA.
3 AERE®REHFBENREBEAGER (a) ERKE(b) KA (c)MEER(JEE

Fig. 3 Endogenous acidic hormones salicylic acid (a),auxin (b),jasmonic acid (c)

and abscisic acid (d) in oat leaves of different treatment
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JA FNVANE T30 BT 0 0 A2 0 0 % -
6Tl TR 00 5 T A OC » {FL sk Sl R 3 b R 1 98 R
A OGN 5 1l AR I P R R
PR B9 & B OCVE N 35 1 B I A 4 -6
MR & BEAN JA & BB 3 IE A OC . R ELBE A TAA &
O IEAR G SRR Ll A A SA R ABA iR

WERAE, TR SR JA &R A
AN R SA TR E NG, Z .
BB TAA & 5 I 35 IE A OC L R TAA
WP E UM G, 2R ABA & i B3 M G,
FEBE AN ABA & & 3 IE A OC , W WORE RS =
SRMPMANERERETEHCEY AR E
(£ D,

x4 FHEMABEASTBEMIHEXESH

Table 4 Analysis of the relationship between sugar and acid hormones in oat leaves

W4 57 # % Acid hormones

Sugar KmER SA  RHMERIA  ERFEIAA R ABA
A HE Xylose 0.013 0.683" —0.18 —0.035
S JR B Lyxose —0.015 0.805" —0.075 —0.050
BT 7 {A B Arabinose 0.039 0.702" —0.026 0. 055
% ¥ Ribose —0.024 0.727" 0.014 —0. 086
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W2 Sy 2 Acid hormones

Sugar KBER SA  RHERIA  ERFEIAA R ABA
 OBE Fucose 0.303 0.513" —0.573 0. 308
11 BLBE Sorbose 0.016 0.319 0. 380 —0.091
H # ¥ Mannitol —0. 090 0.715" 0.113 —0.092
2 B Galactose —0. 547 0.243 0.681" —0.480
SLBE Frucose —0.614" 0.058 0.904" —0. 846"
% B Glucose —0.697" 0. 149 0.890" —0.825"
] 2 - 6- B IR —0.047 0.671" —0.129 0.093
Glucose 6-phosphate
1 3 B Trehalose 0.222 0.521 —0.171 0.308
7 ZEHE Maltose —0.550 0.430 0.843" —0.654"
FEBE Sucrose 0. 547 —0.363 —0.865" 0.686"
5 =k Melezitose 0.191 0. 445 —0.595 0.465
% = B Raffinose —0.724" 0. 401 0.731" —0.552

TE: » RIRTE 0.05 KP ERREE.

Note: * indicates significant correlation at the 0.
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B JA A1 SA WA & FE R A g™ JA

3.1

05 level.

Sy 5 RE RS G 0 ) BT S AR TA R
T &)y AL S /N TG JEE S I R YK 20 AR R L 2K I D
55, N TR ABA T & B2 & 0 20T e Y
JA T A A A R R B A L I
PHA J5 AR#% NO.CH, fil TAA & & 8 3, {5 If
ANBE T 4 il B AR fF 3O, AR AR A KL UL B HA
PR AER WYL E A E 2R RR ., A
5% 5 Andrés %5 X K R 09 0F 58 45 S — B, 78K
G310 E 5 i HAL AR IR ABA & & . H 78 2 K
SR FE A HA JERG1E ABA & &mgsim, %
NI e BRAHEE I B 9 SALVJA AR fE X HA 1)
JRE AT ABA — 3, B BE AN, HA JER 20 JA fil
SA it FEEETEME T, 5B HA L,
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HA 0] DL i 8 45 9 U5 08 3% 28 i & 3 1 52 3o 4l
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L, 76 55 B e BB SR . &
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VLG R RRAR . AR JA i ABA B 45 # fil At
BEAE L BN Z BB AEAE D RAE L H MeJ A XF
T ABA £ RFE M R, TA BE#E A 3 K #E
I R AZ MR R 2 0 B P e 3k, 5 BORH R R TR M A R IR
FUREY AR 9E e TR B 2 W8 T IR JA R
Wl B e B AN L 25 22 0] Sk 3 LE R S A1 ot e 0 A A
BRGS0 R B A R AR G . K2R
AT JA N SA Z (8147 7 #0540 I AE S A4
WX SA Fi JAs F ARG HE NN 0%
s (AR 0 1) T A R AR 6 1 O 1) Ak AR
FFE & B JA & aR SA S R R %, H JA
i A 3 FR I R S S AL A AN TR
JA 5 5005 & B 0 3 E A O o AR Ol 5B L A e
R 0 5] 7 A1 A S I s 4 R RE () B A A
Wi T T A0 M 4 R i B A R TA
B N W e T R R S B R R R AL JA SRR
B 1 SAVABA F TAA 5 M SC ¥R 8.3 .1
SAABA 55745 b5 OB A i 3 00 O, B A
9, SA R ABA FETE VR FIVE FL . SHE(E S5 il AR A0 G
BT SA FEE 5 @48 2 18 0 6 24 ik — 2 0F
4

-
g

&

ez i o, SR B E D0 SO RN I SROBE 16
Ffr s 8 0 R o0 & B T R b N HA £
SO ) AR R S . 5 IE RO R
HET R0 T S Rl m 5 WK
ABA TAA & i M 5C, B 7E 3 T 2 b id &
P R AR R B 38 1) EZEHE(S 5.

SRR K3 S5 A0 b, TR B T a8 AR N A
FitF ABAJA Fl SA &R B FE TR IAA &7 B
ERRAS . IEH KA SR i HA 5 oK W8 it A L
ABA JA SA A TAA & BAME AR B 3% 1 T 2
R Wi HA 5 AR BERAH . JALABA F1 SA F i
WE TR HA I R2 5 SA MEEE. JA Ml
THE i (D IR O (E 3k SR A At R T R

HRMHEEARE., JA SRS HM I MESE
AHOCHE AR 2L T SA 43515 TAA Fl ABA & & 1
FAE I H SA FE S S ABA M
oL, e JA F1 SA TR BT R E R R R H L TA
i 5 T S8 1 A 40 A A 45 AR R A G L T
SA FIRE S HHE SRR G, HE T R ia T wi
HA J5 . BEWE SAJA fl ABA BB E T, &
WY HA AT LLE 23 18 45 0 4143 R P9 IR 30 R 2% i o
TR E .
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