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Effects of drought stress on endogenous hormone
contents of different root-type alfalfa

WANG Kun, NAN Lili, LI Jingfeng, LIANG Pengfei, CHEN Jie, WEI Shaoping, LIU Xin
(College of Pruatacultural Science, Gansu Agricultural University, Key Laboratory of Grassland
Ecosystem, Ministry of Education, Lanzhou, Gansu 730070, China)

Abstract; The indole acetic acid (IAA) , gibberellin A;(GA;), zeatin (ZT) and abscisic acid (ABA) con-
tents in thizomatous rooted, tap rooted, and creeping rooted alfalfa on the aboveground and underground after
drought stress were determined by the method of high-performance liquid chromatography ( HPLC) in the current
and following years. The relationship between these endogenous hormones and drought resistance of different root-
type alfalfa was studied. The results showed that with the intensification of drought stress, the aboveground and un-
derground TAA and ZT contents of rhizomatous rooted, tap rooted and creeping rooted alfalfa decreased significantly
during the sowing year and the following growth year. Compared with CK, the annual average decrease of IAA was
50.09%, 36.52%, 49.15% and 58.17%, 53.42% , 56.62% respectively, and the decrease of ZT was 38.11%,
52.57%, 36.18% and 43.86% , 63.94% , 54.17% respectively. The content of ABA increased significantly, but the
rate of increase was gradually declined with the extension of growth years. The increase rates in the sowing year and
the following year were 62.50% ~358.82% and 19.70% ~85.19% respectively. However, GA, contents remarkedly

decreased during the sowing year, whereas GA, contents reached the highest level under the moderate and severe
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stress during the following year. The GA,/ABA, TAA/ABA, (TAA+GA,+ZT)/ABA, and aboveground and under-
ground dry mass decreased under drought conditions during the sowing year. The aboveground and underground
TAA/ABA significantly decreased by 68.63% ~70.69% and 76.77% ~ 88.65% respectively, and GA,/ABA and
(TAA+GA,+ZT)/ABA increased first and then decreased during the following next year. The GA,/ABA, TAA/
ABA, and (TAA+GA,+ZT)/ABA were lowest in rhizomatous rooted alfalfa and were highest in tap rooted alfalfa

under the same drought stress. There were positive correlations between dry weight of aboveground part and GA,,

TAA, and ZT contents in leaves and stems as well as between dry weight of underground part and GA,, TAA, and

ZT contents in roots while ABA content in leaves and stems and in roots was negatively correlated with dry weight of

aboveground part and underground part, respectively. Therefore, rhizomatous rooted and creeping rooted alfalfa had

better adaptability to drought stress.

Keywords: drought stress; alfalfa; root type; endogenous hormone; biomass
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Table 1 Effects of drought stress on endogenous hormone contents in aboveground and underground of different root-type alfalfa
Hidan b GA; TAA ABA 7T
Plant tissue  Treatment 2020 2021 2020 2021 2020 2021 2020 2021

QS-CK  21.16+2.72bcA 14.11£0.67dA  3.95+0.14bB  5.76+0.10bB
QS-M  13.83+1.57deA 44.34+5.55aA 2.98+0.21cdB 4.21+0.16cB
QS-S 12.63+0.64eA 26.72+2.54cA  2.41+0.29dA  2.24+0.69eA

0.26+0.10eA  0.83+0.10bA
0.55+0.07cA  1.18+0.05aA
0.87+0.11aA  1.08+0.06aA

0.33+0.02becB 0.013+0.00bB
0.23+0.03dA 0.012+0.00bA
0.18+0.01dA 0.009+0.00cB

N LD-CK 22.63+1.77bA 15.13+0.76dA  2.85+0.24cdB 6.36+0.27aB  0.14+0.01fA 0.66+0.13cA  0.45+0.02aB 0.023+0.00aB
Ab%ze;iind LD-M  19.20£2.42cA 31.42+3.33bcA  2.74+0.08dB  3.22+0.52dA  0.20+0.01efA 0.67+0.12cA  0.35+0.05bB 0.010+0.00cA
LD-S  15.36+2.09deA 34.31+3.84bA  2.70+0.26dB 2.05+0.13eA  0.23+0.0leA 0.79+0.11bA  0.29+0.04cB 0.007+0.00cA

GN-CK 30.52%1.74aA 14.52+0.70dA  4.50+0.68aA 3.13+0.05dB  0.27+0.03eA 0.27+0.19eA  0.34+0.02bB 0.015+0.00bB

GN-M  28.68+0.30aA 38.80+4.60bA 3.33+0.23cdB 1.96+0.14eB  0.42+0.03dA 0.58+0.14cdA  0.28+0.02¢B 0.013+0.00bA

GN-S  15.93+0.55dA 17.94+1.13dA  2.65+0.23dB  1.34+0.35fA  0.68+0.08bA 0.50+0.15dA  0.23+0.01dA 0.009+0.00cA

QS-CK  8.50£0.19¢cB  4.46+0.40fB  5.45+0.08aA 7.41+0.31bA  0.17+0.01cdB 0.44+0.01bB  0.57+0.03cA 0.019+0.00bA

QS-M  5.00+0.09¢fB 14.30+1.26aB  4.54+0.09bA  5.28+0.46cA  0.19+0.01cB 0.61+0.06aB  0.30+0.00eA 0.015+0.00bA

QS-S 4.40+0.01fB  8.59+1.08dB  2.67+0.28dA 2.57+0.17eA  0.78+0.03aB 0.56+0.09abB  0.25+0.0leA 0.013+0.00cA

W LD-CK 10.12+0.22bB 4.78+0.48fB  5.62+0.14aA 9.83+0.57aA  0.16+0.01dA  0.35+0.05cB  0.95+0.06aA 0.031+0.00aA
Underground LD-M  7.98+0.39¢cB 10.10+1.52¢B  4.61+0.20bA 3.62+0.18dA  0.21+0.01cA 0.36+0.02cB  0.78+0.09bA 0.012+0.00bcA

LD-S  5.56+0.38deB 11.10+0.98bB  4.31+0.05bA  1.62+0.27{B
GN-CK 13.54x1.16aB 4.60+1.10fB  5.40+0.56aA 6.73+0.14bA
GN-M  6.38+0.51dB 12.50+0.70bB  5.03+0.23abA 2.31+0.04eA
GN-S 4.41x0.21fB  5.71+0.42eB  3.81+0.21cA  1.09+0.09fA

0.26+0.01bA  0.42+0.07bB
0.10+£0.00eB  0.16+0.03dB
0.15£0.00dB  0.31+0.00cB
0.25+0.02bB  0.27+0.03cdB

0.44+0.02dA  0.008+0.00cA
0.72+0.05bA 0.018+0.00bA
0.42+0.01dA 0.015+0.00bA
0.26+0.02eA  0.010+0.00cA

TE:QS LD (GN 2303l W57k AL E A | B AR B EAE Ak 4 5 ZAEEE ; CK M S 3l S x i rp BRI aE | o B2 e s it o 34
EARERE (n=4) , RIBIARR/NG PRI 225 8.3 (P<0.05) ; [AFIA RIS TR R A Rl 4 B R 2252 836 (P<0.05) . T,

Note: QS, LD and GN are M. sativa cv. ‘ Qingshui’ , M. sativa cv. ‘ Longdong’ and M. varia Martin.cv. ‘ Gongnong No.4’ , respectively. CK, M
and S were control, medium stress, and severe stress, respectively. Values were means * standard deviation (n=4). Different lowercase letters in a col-
umn among different treatments were significantly different at P<0.05 level. Different capital letters in a column among different organs were significantly

different at P<0.05 level; The same below.
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Table 2 Changing ratio of endogenous hormones contents in aboveground and underground

of different root-type alfalfa under drought stress

TR 2 fb IAA/ABA GA,/ABA (TAA+ GA,+ZT) /ABA
Plant tissue  Treatment 2020 2021 2020 2021 2020 2021
QS-CK 15.27+4.78bB 6.96+1.00cB 81.84+28.89cdA 17.07£2.93eA 98.40+33.51dA 24.04+£3.91cA
QS-M 5.42+1.11¢B 3.45+0.22¢B 25.16x1.12eA 36.45+6.18cA 31.00+£1.97fB 41.11+6.28bcA
QS-S 2.78+0.66dB 2.04+0.54{B 14.59+2.40fA 24.72+3.88dA 17.59+2.96gA 26.78+3.38cA
1 LD-CK 20.44+2.83aB 9.18+1.19aB 162.45+4.51aA 38.69+4.88cA 186.14+3.71aA 47.08+5.95bB
Abnvegr[:)und LD-M 13.52+£0.77bB 4.77£0.21dB 94.82+14.23cA 71.40+£29.02aA 110.07+14.80cA  74.95+30.21aA
LD-S 11.54+1.06bcB 2.88+1.14fB 65.76+6.87dA 44.61+11.9bB 78.53+6.25eA 47.26+12.14bA
GN-CK 16.48+3.42bB 8.35+1.19bB 111.77+£18.60bB 21.84+3.41dA 129.51+£21.69bB 31.06+4.60cB
GN-M 7.99+0.14¢B 3.52+0.94eB 68.85+6.03dA 48.25+15.06bA 77.52+6.20eA 53.04+13.08bA
GN-S 3.89+0.69dB 2.64+0.52fB 23.40+1.99eA 39.48+17.46¢B 27.63+£2.63(B 42.39+18.6bcA
QS-CK 32.01+£3.01bA 16.70+£1.04cA 49.92+3.62¢cB 18.17£2.93dA 85.26+6.95¢B 26.81+1.84dA
QS-M 23.57+1.85cA 7.26+0.26eA 25.94+2.26dA 37.55+6.18bcA 51.07+£4.19eA 32.17+3.11cdB
QS-S 3.42+0.39eA 3.88+0.18fA 5.63+0.25fB 25.82+3.88cA 9.38+0.54¢B 19.89+1.37eB
R LD-CK 33.28+3.68bA 40.60+6.98aA 59.91+£5.63bB 39.49+4.88bcA 98.84+9.70bB 69.32+17.27aA
Underground LD-M 22.13+2.41cA 9.95+0.89dA 38.30+4.08cdB 73.40£29.02aA 64.15+6.98dB 46.78+2.17bB
LD-S 16.32+1.33dA 4.61+0.75fA 21.09+2.90dB 49.13+15.06bA 39.07+4.34{B 30.90+5.01cdB
GN-CK 56.13+9.66aA 27.60+2.84bA 140.83+21.95aA 23.24+3.41cA 204.46+31.54aA  41.36+5.46bcA
GN-M 32.78+2.21bA 8.60+0.27deA 41.55+4.88cB 41.28+13.60bcB 77.08+5.62cA 37.87+4.90cB
GN-S 15.05+£1.61dA 3.97+0.25fA 17.44+2.11eB 44.93+11.09bA 33.54+3.68fA 24.82+3.55dB
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Fig.1 Effects of aboveground and underground dry mass of different root type alfalfa under drought stress
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Table 3 Correlation on endogenous hormones contents of alfalfa under drought stress
HIas foh ABA A CA, o
Plant tissue Index 2020 2021 2020 2021 2020 2021 2020 2021
T1AA -0.391" -0.415" 1.000 1.000
W GA; -0.498" * -0.297 0.711* " 0.517" 1.000 1.000
) AN -0.851" " -0.785" * 0.323 0.445 0.532" " 0.633* " 1.000 1.000
Aboveground B
D e -0.382" -0.836" " 0.572* " 0.267 0.785" " 0.512" 0.498" " 0.532**
ry mass
1AA -0.858" " -0.475" 1.000 1.000
W GA4 -0.528**  -0.341 0.736"* 0.474 1.000 1.000
) Ax -0.486" " -0.624" " 0.699 " * 0.537" 0.798" * 0.513° 1.000 1.000
Underground .
s -0.520" " -0.427" 0.526" " 0.577" 0.608 " * 0.670" * 0.374" 0.308
Dry mass

s = A= # A3 BIFIRTE P<0.05 Fil P<0.01 K25 038,

Note: * and * * indicate significant differences at P<0.05 and P<0.01 level, respectively.
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