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Effects of water and fertilizer integration on growth, morphology, physmlogy
and photosynthetic characteristics of flue-cured tobacco in the North China’
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Abstract: Drought stress inhibits the growth and development of flue-cured tobacco in the North China, resulting in lower
yield and quality. The purpose of this study was to determine the effects of integration of water and fertilizer on the growth and

development, root morphology and physiology, and on photosynthetic characteristics of flue-cured tobacco in the North China.
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The differences in agronomic attributes, dry matter accumulation, root morphology and physiology, photosynthesis, chloro-
phyll fluorescence and economic characteristics of ‘Yunyan 87’ flue-cured tobacco grown under water and fertilizer integration,
and conventional irrigation and fertilization were investigated. The results showed that compared with conventional irrigation
and fertilization, the growth and development of flue-cured tobacco was significantly promoted under water and fertilizer in-
tegration and with better agronomic attributes. The integration of water and fertilizer significantly increased dry matter accu-
mulation in the belowground and aboveground parts of the plant. It also improved the indices for root morphology and physi-
ology in terms of root volume, total root absorption area, root active absorption area, root specific surface area, root activity
and ATPase activity. All these attributes were significantly higher than those under conventional irrigation and fertilization.
The integration of water and fertilizer also reduced root to shoot ratio (P < 0.05). Meanwhile, net photosynthetic rate (P,),
stomatal conductance (G), intercellular CO, concentration (C;), water use efficiency (WUE), PSII maximal photochemical effi-
ciency (F,/Fy), PSII actual photochemical efficiency (@ps ) and photochemical quenching coefficient (¢P) all significantly in-
creased under the integration of water and fertilizer (P < 0.05). On the contrary, both transpiration rate (7,) and
non-photochemical quenching coefficient (NPQ) significantly decreased under the integration of water and fertilizer (P < 0.05).
Furthermore, the economic characteristics were significantly higher under the integration of water and fertilizer than those under
conventional irrigation and fertilization (P < 0.05). In conclusion, the results indicated that the integration of water and fertilizer
supported good root morphology and significantly improved root physiology activity, photosynthesis and light energy utilization
efficiency. This stimulated the growth and development of flue-cured tobacco, resulting in higher economic characteristics.

Keywords: Water and fertilizer integration; Flue-cured tobacco; Root morphology and physiology; Photosynthetic characteristics;

Chlorophyll fluorescence; Economic characteristics
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Table 1 Effect of integration of water and fertilizer on agronomical characters of flue-cured tobacco
Plant height Stem girt Nodes space Number of productive Maximum leaf area
Treatment 2
(cm) (cm) (cm) leaves (cm”)
. . 131.16+24.82a 10.04+2.18a 4.37+£0.36a 21.846.64a 3002.57£121.83a
Integration of water and fertilizer
. L . 119.84+25.06b 9.82+1.15b 4.31+£0.38a 20.3+4.16a 2 805.92+103.29b
Conventional irrigation and fertilization

(P<0.05) Different letters in the same column mean significant differences between two treatments at

0.05 level.
F2 KEB—RUXERTYRRNRSH TN
Table 2 Effect of integration of water and fertilizer on dry matter accumulation of flue-cured tobacco
Treatment Fresh weight of Root fresh Dry weight of above- Root dry Root/shoot
aboveground (g) weight (g) ground (g) weight (g) ratio
. . 1727.22+£81.29a 118.35+20.08a 196.02+32.83a 30.68+7.82a 0.157+0.002b
Integration of water and fertilizer
o o 1513.17+£68.73b 99.86+21.25b 160.74+30.36b 25.85+4.27b  0.161£0.003a
Conventional irrigation and fertilization
(P<0.05) Different letters in the same column mean significant differences between two treatments at
0.05 level.
2.3
3 bl b
2
, 1.11
R 1.25 1.12 1.13
F3 KEB— R EIRIR RS RIS
Table 3  Effect of integration of water and fertilizer on root morphology of flue-cured tobacco
Treatment Root volume (mL) Total absorption area (m®) Active absorption area (m?) Spec:1f(1rcnzs'Lrl]1;fa;§e area
. . 303.38+52.72a 106.63+14.63a 36.69+5.27a 0.35+0.042a
Integration of water and fertilizer
Conventional irrigation and fer- 274.27+45.28b 85.46+13.94b 32.85+6.03b 0.31+0.037b
tilization
(P<0.05) Different letters in the same column mean significant differences between two treatments at
0.05 level.
2.4 5 )
b b Pn GS
, C; WUE, 31.44% 59.09% 21.75%
ATPase , R4 KEE— R XTI KRIR R A TR R AR
Table 4 Effect of integration of water and fertilizer on root
i physiology activity of flue-cured tobacco
4 ,
ATP Root activit ATPase
ase > Treatment 0% actvity [ug(Pi)-g '(FW)h']
[pg-g ' (FW)-h"]
ATPase
srati 40.72+6.95a 137.83+16.53a
ATPase Integration of water

and fertilizer

43.08% 31.84%,

Conventional irriga- 28.46+8.17b 104.54+14.29b
2.5 tion and fertilization

(P<0.05) Different letters

in the same column mean significant differences between two treat-
ments at 0.05 level.
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Table 5 Effect of integration of water and fertilizer on photosynthesis of flue-cured tobacco

G, Cco G
(Fn) Stomate(ll ) Interceliular C(O ) (1) (WUE)
Treatment Net photosynthetic rate conductance concentration 2 Transpiration rate Water use efficiency
-2 -1 -2 -1 -1
[umol(CO,)m “-s™'] [mol(COs)-m 2] [umol(CO»)-mol ' (air)] [mmol(H,0)-m *:s"'] [umol(CO,)-mol  (H,0)]
Integration 26.67+2.83a 0.35+£0.041a 248.96+27.73a 3.37+0.52b 7.9120.77a
of water and fertilizer
Conventional irrigation 20.29+2.76b 0.22+0.028b 204.49+20.48b 4.76£0.31a 4.26+0.63b

and fertilization

(P<0.05) Different letters in the same column mean significant differences between two treatments at

0.05 level.
85.66%:; T, s 29.20% 6 ,
2.6 Fv/Fm czjPS qp
, 1.12 1.34 1.65 ,
;  NPQ , 61.36%

6 IKBE—R AL 3T B KR T 4R TR O HF I B R0

Table 6 Effect of integration of water and fertilizer on chlorophyll fluorescence characteristics of flue-cured tobacco

PS
FlEn) PS (Prs ) (9p) (NPQ)
vom PS  actual photochemical Photochemical Non-photochemical
Treatment PS  maximal photo- . . . . .
. .. efficiency quenching coefficient quenching coefficient
chemical efficiency
Integration of water and 43.64+7.18a 24.49+3.74a 5.53+0.74a 0.27+0.005b
fertilizer
Conventional 39.056.34b 18.3123.65b 3.36£0.68b 0.4420.017a

irrigation and fertilization

(P<0.05) Different letters in the same column mean significant differences between two treatments at

0.05 level.
2.7
312.43 kg-hm™ 13 971.78
7 ) , hm? 238 kg, ,

, 6.49

RT KB EIRE SR EY 2

Table 7 Effects of integration of water and fertilizer on economic characters of flue-cured tobacco

Yield Output Average price Ratio of high quality tobacco
Tratment (kg ) (Fhm %) (ke ) %)
. . 3 112.38+120.17a 72 619.13+£272.41a 23.33+3.28a 54.74+2.21a
Integration of water and fertilizer
Conventional irrigation and fertili- 2799.95£118.35b 58 647.35+£267.93b 20.95+1.66b 48.25+4.75b
zation
(P<0.05) Different letters in the same column mean significant differences between two treatments at
0.05 level.
S LSTIRY 22-23
3 ZRr5itie : (22231 :
5 2 b
[21] ATPase ,

[24]
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