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Effects of drought-rewatering-drought on photosynthesis and growth of maize

ZHAO Wen-Sai, SUN Yong-Lin, and LIU Xi-Ping"
College of Life Sciences, Northwest A & F University, Yangling, Shaanxi 712100, China

Abstract

Aims  Our objective was to investigate the responses of maize photosynthesis and growth to repeated drought.
Methods Maize seedlings were exposed to different soil water deficit for three weeks, then rewatering for one
week, and again to different water deficit for three weeks, to examine the effects of repeated drought on photo-
synthesis and growth

Important findings After the first water deficit treatments, under severe drought, plant height, total leaf area of
individual plant, shoot and root biomass declined significantly, also transpiration rate (T;), stomatal conductance
(Gs), intercellular CO, concentration (C;), net photosynthetic rate (P,), maximum net photosynthetic rate (Amax).
but light compensation point and dark respiration rate increased significantly. Under medium drought, plant
height, leaf area, and shoot biomass decreased significantly, but root biomass did not vary, hence, the ratio of roots
to shoots (R/S) increased. Moreover, plants did not show significant differences in photosynthetic parameters. Af-
ter rewatering, photosynthesis and growth rate of plants previously exposed to water deficit could recover to the
levels of well-watered plants, but plant height and leaf area did not recover to the levels of the control. When
maize were subjected to recurrent drought, plants pre-exposed to medium drought showed no significant differ-
ence in plant height, biomass, and photosynthetic parameters, but a significant decrease in leaf area, compared to
plants only exposed to second medium drought. Plants pre-exposed to severe drought had significantly higher T,
Gs, Ci, Pn, Amax, and, apparent quantum yield but significantly lower plant height, leaf area, and biomass than
plants without previous exposure. These results indicated that the first severe drought significantly reduced
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photosynthetic capacity and maize growth, rewatering could recover photosynthesis and growth rate to the levels
of well-watered plants, but could not eliminate the adverse influence of the first drought on growth. The first me-
dium drought could stimulate the growth of maize root system and significantly increased R/S, which can enhance
maize drought resistance to subsequent repeated drought, and maintain the total biomass in the control level; the
first severe drought could enhance maize drought resistance to subsequent repeated drought in the aspect of pho-
tosynthesis, but could not compensate for the adverse effect of early drought on plant growth. Hence, in practice,
drought hardening should be limited in the level of medium drought, and avoiding severe drought.

Key words repeated drought; rewatering; growth; photosynthetic rate; Zea mays
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Table 1 Experimental treatments
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Rewatering (1 week)  Second water treatments (3 weeks)

FFSEIEH /K4 Continually well-watered 70
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Fig. 1 Effects of first water treatments on diurnal variations of transpiration rate (T;) (A), stomatal conductance (Gs) (B), intercellu-
lar CO, concentration (C;) (C), and net photosynthetic rate (P,) (D) of maize leaves (mean £ SD).

G (mol-m™s™)

L

r

T (mmol-ms7")

360

T 240f 2
i
£ g
- 120} =
U L
L 1 1 L L |Q 1 0 L L L 6 1 1 L
PENNIRNAN \\'.QQ \3‘90 \5'530 o \q:QQ PYAN q@ \\-.QQ oo \5'90 \'1,‘530 \q:@
AF ] Time of day (O'clock) B[] Time of day (O'clock)
LA S K i Soil water content:  —O—70%-70% -\ -50%-70% M- 35%-70%

E2 SRk ERM 2 BEEET)A). I FE(G)(B) MilEICO MK L (C)(C) At & 4 (P) (D) H AL I 5 M (73
{E bR HE S %) o

Fig. 2 Effects of rewatering on diurnal variations of transpiration rate (T;) (A), stomatal conductance (G;) (B), intercellular CO,
concentration (C;) (C), and net photosynthetic rate (P,) (D) of maize leaves (mean * SD).
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Fig. 3 Effects of the second water treatments on diurnal variations of transpiration rate (T,) (A, B), stomatal conductance (Gs) (C,
D), intercellular CO, concentration (C;) (E, F), and net photosynthetic rate (P,) (G, H) of maize leaves (mean * SD).
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Fig. 4 Effects of drought-rewatering-drought treatments on response

active radiation (PAR) in maize leaves.
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Table 2  Effects of drought-rewatering-drought treatments on characteristic parameters of the response curves of net photosynthetic rate (P,) to photosyntheti-
cally active radiation (PAR) in maize leaves (mean + SD)

599

curves of net photosynthetic rate (P,) to photosynthetically

Ab3 BRI IER M R p ok I I o R TRR
Treatment Amax LCP LSP Ry AQY
(umol-m2-s™) (umol-m2-s™) (umol-m~?-s™) (umol-m2-s™) (umol-m=2-s7™)
EB—XRIK5T 4R First water treatment
70% 41.39 +0.88° 53.97 £ 15.17% 892.50 + 74.93° 2.58 +0.20° 0.050 + 0.002*
50% 41.01 + 3.54° 50.87 + 6.60° 832.98 + 65.23° 2.48 +0.68° 0.051 + 0.005"
35% 33.43 +3.57° 95.09 + 8.79° 906.90 + 66.14° 3.92+0.17° 0.044 +0.002*
£7K Rewatering
70%-70% 37.79 + 455° 52.95 + 7.99° 770.05 + 95.33° 2.30 £ 0.41° 0.047 +0.002%
50%-70% 39.82 + 4.64° 53.96 + 3.16° 859.91 + 104.84° 1.88 +0.38% 0.045 +0.003%
35%-70% 37.88 £ 5.05° 46.89 +1.32° 796.46 + 97.11° 1.99 +0.33% 0.046 + 0.004%
F Rk 5T 4LTE Second water treatments
70%-70%-70% 39.95 +2.03° 57.46 + 13.82° 893.05 + 75.07% 2.78 +0.84° 0.050 + 0.003°
70%-70%-50% 35.11+2.31° 61.78 + 13.99® 780.32 + 37.03° 2.87 +0.99° 0.048 + 0.005™
70%-70%-35% 26.00 +0.95° 76.51 + 14.81° 752.90 + 105.37° 2.63+0.32° 0.035 + 0.004%
50%-70%-70% 39.64 +2.31° 77.17 +13.24° 972.55 + 118.34° 3.50 +0.63° 0.048 + 0.003
50%-70%-50% 37.56 + 1.68" 71.32+11.07% 815.10 + 50.04® 3.43+0.65° 0.049 + 0.001™
35%-70%-70% 40.05 +0.76° 57.89 + 0.31% 901.57 +40.73% 2.36 +0.36° 0.043 + 0.006°
35%-70%-35% 36.65 + 2.94% 52.57 + 8.62° 789.16 + 143.48° 2.75+0.32° 0.051 + 0.004°

ANF/ING B 2 b B 8] 22 57 5 (p < 0.05).
Different lowercase letters indicate significant differences between different treatments (p < 0.05). Amax, maximum net photosynthetic rate; AQY, apparent quan-
tum yield; LCP, light compensation point; LSP, light saturation point; Rg, dark respiration.

P A RORE R, R 506 e e 1 5 R 28O
THER 5B UOKD A 5, SIRAERAE IR H K
Iy AT T IR ARAE L, AR p A R T R AL P

THEBHRE T%. &

P BT 5 AR BRI R R

52— R T R A B AR AR L, kAT

HARKERRA REERN, Sah—JalhE
TR A R EL, PR B B TR AR
ARG T, LN IREE T R AR AR S
20 3 H— FL I B R T R AL B R R AT B, PR

e A 5 PR (&15) o

doi: 10.17521/cjpe.2015.0345

©UI 00000 Chinese Journal of Plant Ecology



600 YA Z5244) Chinese Journal of Plant Ecology 2016, 40 (6): 594-603

240

Drought Drought

Rewater

180 -

B
Plant height (¢cm)

60 -

[1 4] Date (Month-day)
L HE 5 K B Soil water content
—0— T0%-70%-70%
—57— 50%-70%-70%

El5 55 K- T AR E FOKMR AR e AR A R

- T0%-70%-50%
<=3 50%-70%-50%

60 -
Drought

Drought
Rewater

.
o
1

]
=
1

PR A G 4
Plant height growth rate (cm-.day™")

[ 3] Date (Month-day)

I 70%-70%-35%

—— 35%-70%-70% % 35%-70%-35%

Fig. 5 Effects of drought-rewatering-drought treatments on plant height and plant height growth rate of maize.
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Fig. 6 Effects of drought-rewatering-drought on leaf area and leaf area growth rate of maize (mean + SD).
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Table 3 Effects of drought-rewatering-drought treatments on biomass and the biomass ratio of roots to shoots (R/S) of maize
Ab B AR ZEYE Mo BAY R A4 B E R 7t
Treatment Leaf biomass (g) Stem biomass (g) shoot biomass (g) Root biomass (g) Total biomass (g) R/S
E—RIKSAIE First water treatment
70% 253.34 + 16.50° 111.20 +12.52° 364.54 + 18.99° 0.44 + 0.06%
50% 209.77 + 14.07° 123.49 +10.74° 333.26 +19.27 0.59 + 0.06"
35% 90.82 + 10.60° 64.54 + 7.86° 155.36 + 11.55° 0.72+0.12°
£7K Rewatering
70%-70% 177.17 + 25.79° 174.85 + 24.40° 352.02 +29.21° 152.59 + 12.50° 504.61 + 30.64° 0.44 + 0.05%
50%-70% 153.38 + 15.13% 151.99 + 18.66 305.37 +29.01° 166.48 + 37.16" 471.85 + 54.59° 0.55+0.11°
350-70% 129.60 + 17.12° 107.87 + 19.35° 237.47 + 3537 118.29 + 19.39° 355.76 + 53.00° 0.50 +0.04%
F Rk 4IE Second water treatment
70%-70%-70% 142.95 + 11.65° 203.18 + 15.34° 507.35 + 27.30" 197.00 + 32.49% 704.35 + 54,61 0.39 +0.05%
70%-70%-50% 142.20 + 18.01° 181.23 + 15.60% 489.61 + 40.08% 198.33 +51.18% 687.94 + 77.92 0.40 +0.10a™
70%-70%-35% 118.22 +14.38" 150.15 + 15.31% 411.69 + 18.36° 145.00 + 24.81% 556.69 + 36.71° 0.35 + 0.06%
50%-70%-70% 133.64 +19.17™ 153.49 + 32.45™ 451.88 + 60.75" 216.67 + 31.94 668.55 + 92.09 0.48 £ 0.02°
50%-70%-50% 13552 + 12.93" 172.16 + 13.04% 481.55 + 26.55% 224.00 + 47.68" 705.55 + 70.53 0.46 + 0.08"
350-70%-70% 121.74 £ 11,67 132.39 + 26.05 439.08 + 65.20™ 167.00 + 30.48" 606.08 + 91.72" 0.38 +0.04%
35%-70%-35% 82.87 + 32.27° 97.20 + 18.51° 291.04 + 43.45° 118.00 + 30.98° 409.04 +70.32 0.40 +0.07%

ARG FRERIRAE B ) 22 53 2.2 (p < 0.05).
Different lowercase letters indicate significant differences between different treatments (p < 0.05).

(Tsuji et al., 2003; Yao et al., 2009; Shen et al., 2015).
TR Ex TR AE KK EAMHIER, el
oK A&7 B B B AR (SRS AT AR, 2011; £ 1845,
2013; Farhangfar et al., 2015). AHIF 5T f) 45 SRt iR,
B REETREEEFECEAT T, G Ci
Pov Amax, JFELCPAIRGE 2 T, Ui W R K@ 3

NIAUTFEERRAR T 2K ik, AR, St&RET)
T,

IR FERE N, X AR ALK

PR o A2 BT R P51 5 A B TR AR (R
A TR 5625 A, BV R R R BE T A
0] 5 2 PR 35, AR e L 5 5 2 T g,
KUK 5 G A E N BV RS AR S, A AT
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