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Fig. 3 Effects of drought stress on stomata of 6 cassava cultivars
A: ‘Guangxi-2” . ‘CM3327’ . ‘E1424” £+ F AL B R J5 19 FL s B: 15827 L “F10° . “Xinxuan048 " 7£ + F AL B 71 J5 (1 <FL «
Control: 1EH 187K ; Drought: T HE
A: Stomata of ‘Guangxi-2’ , ‘CM3327" and ‘E1424’ before and after drought treatment; B: Stomata of ‘1582° , ‘F10’ ,

‘Xinxuan048” before and after drought treatment; Control: Normal watering; Drought: drought stress.
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Fig. 4 Effects of drought stress on leaf physiological indexes of 6 cassava cultivars
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A: The change trend of protein content in the leaves of 6 cassava cultivars under drought stress; B: The change trend of soluble
sugar content in the leaves of 6 cassava cultivars under drought stress; C: Change trend of proline content in the leaves of 6 cassava
cultivars under drought stress; D: Change trend of malondialdehyde content in the leaves of 6 cassava cultivars under drought stress ;
E: The change trends of catalase activity in the leaves of 6 cassava cultivars under drought stress; F: The change trends of superoxide
dismutase activity in the leaves of 6 cassava cultivars under drought stress; G: The change trend of peroxidase activity in the leaves of

6 cassava cultivars under drought stress; Drought: Drought stress treatment; DO: Day O of drought treatment.
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Fig. 5 Effects of drought stress on leaf transpiration

rate of 6 cassava varieties

3 i %
A — RN, 3 N R 5 6 R L ALK
P RAR PR, I RO SR I, A AL

5 EEG R EMR AL BA AL T,
A i), X KK (Zea mays) 58 2 BH , 16 14 S8 AE S
FLiggh e 5 5 7 7 BOPE AL A By T LR s i
T FL T AL AT 5 i 1 2 5k A6 358 38 A 1) i 2
HEHT HARE R BA R R B 1S HL ) IE 7R
BT, HARE mOLB S AL R R
RYARIE

FEANE I b, PRAR AL B T DA IR s e R A
T 0 19 7K 3 R 203 (WUED A 52 1 i 52
PELO2SL R FE S I A M T 93 N AR R B il Al
FET- 5 H A N RSLE BRI AL, S5 RO, SR
R RR S il S (EV S DS RS
A AT DLE R g S AL AR PR AR 2R
TEH, X 5 PRSI e 4 R — 8. Ha2 8o
an APPE T SRR, ASSLEE RN, R R AT RE 2
TXER > b AT A A, R 2 A T
AR S B BT EHRER T 64
AR AE i A BEAT BT AR AR S 281 i PP, (B A
M 25 R I AT R 52 1SS IR
FEAHR . DR, AR AL X — B — R bR ok )
W2 A B A 5 P A AR AR R AR A XU
45 H At AR bRt — P RAIE .

To 18 AL JE e BAR R 2 A 7R SR
R R R PR S A A R BT
B, 3% — 45 SRR W R 2 0 A BRAL A1 o 5 e i
RLARH R BT AT TS R, 23 HE I W]
W 8815 325 1T 0 SN AL T P ) SR R 5 FE R
e G RO 5 AR )~ A VR TR B A IR
TEH

SE R -

[1] BROWN A L, CAVAGNARO T R, GLEADOW R, et al.
Interactive effects of temperature and drought on cassava
growth and toxicity: implications for food security? [J].
Global Change Biology, 2016, 22(10): 3461-3473.

[2] LIS, CUL'Y, ZHOU Y, et al. The industrial applications of
cassava: current status, opportunities and prospects|J].
Journal of the Science of Food and Agriculture, 2017,
97(8): 2282-2290.

[3] AINSWORTH E A, LONG S P. 30 years of free-air carbon
dioxide enrichment (FACE): what have we learned about
future crop productivity and its potential for adaptation?[J].
Global Change Biology, 2021, 27(1): 27-49.

[4] UTSUMI Y, TANAKA M, MOROSAWA T, et al. Tran-



170 HoarEY

24 2025 4

scriptome analysis using a high-density oligomicroarray
under drought stress in various genotypes of cassava: an
important tropical crop[J]. DNA Research: an Interna-
tional Journal for Rapid Publication of Reports on Genes
and Genomes, 2012, 19(4): 335-345.

[5]1YE Z Q, WANG J M, WANG W J, et al. Effects of root
phenotypic changes on the deep rooting of Populus euphra-
tica seedlings under drought stresses[J]. Peer], 2019, 7:
e6513.

[6] LI X, SMITH R, CHOAT B, et al. Drought resistance of
cotton (Gossypium hirsutum) is promoted by early stomatal
closure and leaf shedding[J]. Functional Plant Biology:
FPB, 2020, 47(2): 91-98.

[7] EL-SHARKAWY M A. Cassava biology and physiology[J].
Plant Molecular Biology, 2004, 56(4): 481-501.

[8] T-We¥s, T3, Braduik, &5 . 7KW X AN [R] A it oot
AR AE AL 2 R[], op R 2l 4, 2012, 28(33):
60-64.

[9] HETHERINGTON A M, WOODWARD F 1. The role of
stomata in sensing and driving environmental change[J].
Nature, 2003, 424: 901-908.

[10] CAINE R S, HARRISON E L, SLOAN J, et al. The influ-
ences of stomatal size and density on rice abiotic stress
resilience[J]. The New Phytologist, 2023, 237(6): 2180 -
2195.

[11] MARRON N, DILLEN S'Y, CEULEMANS R. Evaluation
of leaf traits for indirect selection of high yielding poplar
hybrids[J].
2007, 61(2): 103-116.

L1271 ik, Whschy, 1R IEmE, 55 A FASFLE KRS
B R R B RERE AR BIT FE (D). Hh R KA L2, 2015,
29(6): 648—652.

(131 B34, WRER, S, 25 . /K20t T A (NZ199) 1
PR RN 23 MT (D] T AL K 2 5 4, 2023, 45(4):
855-865.

[14] WANG B, GUO X, ZHAO P, et al. Molecular diversity

analysis, drought related marker-traits association map-

Environmental and Experimental Botany,

ping and discovery of excellent alleles for 100-day old
plants by EST-SSRs in cassava germplasms (Manihot
esculenta Cranz) [J]. PLoS One, 2017, 12(5): e0177456.

[15] 2R, %Rk, 30N, & . UV-BFa i g st & 4%
Fr i B & ZH L. £ A AR, 2017, 37(16):
5368-5381.

[16] =, KR4, IV TS . AFF 77 26 H ok
pas i AN OUIEEE NI GRE IS =W Skt AT s i)
B A, 2020, 41(11): 90-96.

L17] E754, 2208, 5K, 55 . KALEE A P B BOK A T4
t H,0, F1ES B E (], PH AL AR MR 2 2 4k (1 28
FE2EHR), 2017, 45(5): 34-40.

(18] EX5# . KA T 40 b H,0, 5 LT R IR R K
FORIEHRTED]. Mz PEALRMAEHECK A, 2016.

[19] BESTETTI S, MEDRANO-FERNANDEZ 1, GALLI M, et
al. A persulfidation-based mechanism controls aquaporin-8
conductance|J]. Science Advances, 2018, 4(5): eaar5770.

[20] YU H, CHEN X, HONG Y Y, et al. Activated expression
of an Arabidopsis HD-START protein confers drought tol-
erance with improved root system and reduced stomatal
density[J]. The Plant Cell, 2008, 20(4): 1134-1151.

[21] YOO C Y, PENCE H E, JIN J B, et al. The Arabidopsis
GTLI transcription factor regulates water use efficiency
and drought tolerance by modulating stomatal density via
transrepression of SDD1[J]. The Plant Cell, 2012, 22(12):
4128-4141.

[22] FRANKS P J, DOHENY-ADAMS T W, BRITTON-
HARPER 7 J, et al. Increasing water-use efficiency directly
through genetic manipulation of stomatal density[J]. The
New Phytologist, 2015, 207(1): 188-195.

[23] HEPWORTH C, DOHENY-ADAMS T, HUNT L, et al
Manipulating stomatal density enhances drought toler-
ance without deleterious effect on nutrient uptake[J]. The
New Phytologist, 2015, 208(2): 336-341.

[24] MENG L S, YAO S Q. Transcription co—activator Arabi-
dopsis ANGUSTIFOLIA3 (AN3) regulates water-use effi-
ciency and drought tolerance by modulating stomatal den-
sity and improving root architecture by the transrepres-
sion of YODA (YDA)[J]. Plant Biotechnology Journal,
2015, 13(7): 893-902.

[25] KUMAR S, TRIPATHI S, SINGH S P, et al. Rice breed-
ing for yield under drought has selected for longer flag
leaves and lower stomatal density [J]. Journal of Experi-
mental Botany, 2021, 72(13): 4981-4992.

[26] XIN H, LI Q, WANG S, et al. Saussurea involucrata PIP2;
4 improves growth and drought tolerance in Nicotiana
tabacum by increasing stomatal density and sensitivity[J].
Plant Science: an International Journal of Experimental
Plant Biology, 2023, 326: 111526.

[27] L, FEREAE, RN, JUR D F A 251 5
FIHTFRAE LT MR, 2009, 23(1): 16-19.

[28]1 XU Z, ZHOU G. Responses of leaf stomatal density to
water status and its relationship with photosynthesis in a
grass[J]. Journal of Experimental Botany, 2008, 59(12):
3317-3325.



52 5 I R S T RN A AL R S BAR bR 1 EL B A 171

Comparative analysis of stomatal density and physiological
indexes of cassava under drought stress
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Abstract: Cassava is an important tropical food crop with high light efficiency and drought tolerance. Stomata is
the gateway through which water and air exchange between plant leaves and the external environment. Stomata
density directly affect the drought resistance of plants. However, the physiological mechanism of stomata in the
formation of drought tolerance in cassava is not clear. In order to analyze the physiological regulation mechanism
of cassava under drought stress, the stomatal density of 93 cassava cultivars was slatistically analyzed, the
changes of stomatal density of different cassava cultivars under drought stress were compared, and the
physiological and biochemical indexes of their leaves were measured to analyze the relationship between stomatal
density and physiological indexes of different cassava cultivars and their drought resistance. The results showed
that stomatal density of cassava cultivars under drought stress was not consistent. Overall, there was a weak
negative correlation between stomatal density and drought resistance (correlation coefficient was —0.15). The
soluble sugar content and transpiration rate decreased significantly in 6 cassava cultivars (3 with low stomatal
density and 3 with high stomatal density) under drought stress, but the change was not very consistent in both the
high and low stomatal density cultivars. It was hence concluded that drought had a greater impact on cassava
growth, and that cassava might respond to drought stress quickly through the synthesis of osmoregulatory
substances and antioxidant enzymes, which further affect the differentiation and development of stomata.

Keywords: cassava; stomata; drought stress ; physiological indicators
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