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Abstract To understand the enhancing effects of nitrogen (N) and phosphorus (P) on drought resistance of Coffea arabica L.
at juvenile stage, a pot experiment was conducted at the Division of Xishuangbanna Tropical Botanical Garden, Chinese
Academy of Sciences, Kunming, Yunnan Province, China. The experiment consisted of eighteen treatments (in 3 x 3 x 2 design)
with three N rates [Ny (0 g-plant™), N; (2.5 g-plant™) and N, (7.5 g-plant™)], three P rates [Py (0 g-plant™), P, (2.5 g-plant™") and
P, (7.5 g-plant™)] and two water treatments (normal water supply and drought stress). To learn the effects of different fertilizer
and water treatments on various coffee traits, we mainly investigated coffee leaf relative water content (LRWC), photosynthetic
characteristics, chlorophyll content, morphology and biomass allocation. The results showed that LRWC, maximum net
photosynthetic rate (P,), stomatal conductance (g;), transpiration rate (7;), chlorophyll content, specific leaf area (SLA) and
biomass allocation under drought stress were lower than those under normal water supply. Both N and P slowed down LRWC
depression induced by drought stress. The LRWC of C. arabica under fertilizer treatments (both single applications of Ny, P,
and P, and combined applications of N; with P, or P,) exceeded 72%, and was significantly higher than that of non-fertilizer
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treatment (NoP;). Both N and P enhanced photosynthetic characteristics of C. arabica. The maximum P, and water use
efficiency (WUE) of fertilizer treatments (NoP;, NoP, and N,P,) were significantly higher than those of other treatments. P, of
NoP;, NogP; and NP, fertilizer treatments were 2.09 times, 2.09 times and 2.40 times that of NoP, (non-fertilizer treatment),
while the corresponding WUEs were 1.37 times, 1.46 times and 1.58 times that of NygP,. Compared with NPy, both g, and 7; of
fertilizer treatments increased obviously, but with no significant difference among treatments. N and P increased chlorophyll
content of coffee leaves and eased chlorophyll degradation rate caused by drought stress. Moreover, combined application of N
and P performed better than single application of N or P. The morphology and biomass allocation of C. arabica were obviously
influenced by both N and P. And drought stress promoted the distribution of photosynthetic products to underground system,
increasing root mass fraction (RMF) and root-to-shoot ratio (R/S), all fertilizer treatments had higher RMF and R/S under
drought stress than under normal water supply. NoP; and NP, had the largest RMF and R/S, followed by NP, treatment, and
root dry weight of NP, under drought stress was bigger than under normal water supply. The findings demonstrated that both
N and P fertilization were critical for improving drought-resistance of C. arabica at juvenile stage, and NP, was the optimum
treatment for C. arabica.

Keywords Coffea arabica L.; Nitrogen fertilization; Phosphorus fertilization; Drought resistance; Photosynthesis; Water use
efficiency
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Fig. 2 Maximum net photosynthesis rate (P,), stomatal conductance (gs), transpiration rate (7;) and instantaneous water use
efficiency (WUE) of Coffea arabica L. of different fertilization treatments under drought stress

i
<

#

1
Chlorophyll content (mg-g™")

Ir

g g w “»
=) i =) n
v v : .
(@)

W
T

NOP() NIP() NZP() N()PI N()PZ NIPI NZPI NIP2 NZPZ

mmmm 5 {IL/K Normal water supply == T2}l Drought stress

357
3.0
A A 22 = A
AB @)
B i K b s 25} a
b Bb @b 5
el
= I C
% 2.0 c
&
+
= 1.5¢

JitiAEAL PR Fertilization treatment

3

NUPU NIPU NZPU NUP] NUPZ NIPI NZPI N]PZ NZPZ

a/b

Fig. 3 Chlorophyll content and Chla/Chlb of Coffea arabica L. of different fertilization treatments under drought stress
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Table 1 Biomass accumulation and distribution of Coffea arabica L. of different fertilization treatments under drought stress ~ g-plant™*

Fertilization treatment Water treatment Leaf dry weight Stem dry weight Root dry weight Total biomass
NoPo Normal water supply 5.41+0.36D 3.66+£0.25A 1.34+0.14C 10.41+£0.32C
Drought stress 4.35+0.06d 3.16+£0.23a 1.16+0.17¢ 8.67£0.16¢
NP Normal water supply 7.42+0.21C 2.52+0.37B 1.68+0.12B 11.63+0.38B
Drought stress 5.89+0.02¢ 2.39+0.41b 1.61+0.16b 9.89+0.26b
NaPy Normal water supply 8.34+0.29BC 2.69+0.21B 1.48+0.25BC 12.51+0.13B
Drought stress 6.80+0.11bc 2.40+0.16b 1.57+0.19b 10.77+0.09b
NoPy Normal water supply 7.11£0.03C 2.33+0.32B 3.03£0.21A 12.47+0.14B
Drought stress 6.02+0.22¢ 1.9940.20bc 2.7240.27a 10.73+£0.19b
NoP, Normal water supply 7.42+0.04C 2.14+0.22B 3.13+£0.29A 12.68+0.24B
Drought stress 6.28+0.29¢ 1.84+0.17¢ 2.82+0.20a 10.94+0.11b
NP, Normal water supply 8.86+0.23B 2.65+0.25B 2.47+0.31AB 13.98+0.07A
Drought stress 7.37+0.32b 2.45+0.21b 2.43+0.17ab 12.24+0.25a
NaPy Normal water supply 8.98+0.16B 2.48+0.14B 1.994+0.08B 13.44+£0.32AB
Drought stress 7.23+0.20b 2.39+0.04b 2.08+0.11b 11.70+0.13ab
NP> Normal water supply 9.06+0.15B 2.93+0.03B 2.73+0.18A 14.72+0.06A
Drought stress 7.79+0.26b 2.31+0.12b 2.87+0.09a 12.98+0.28a
N,P, Normal water supply 10.50+0.33A 2.08+0.23B 2.85+0.14A 15.43+0.37A
Drought stress 8.90+0.21a 2.07+0.15b 2.72+0.22a 13.69+0.15a

(P<0.05) Different capital and small letters in the

same column indicate significant difference (P < 0.05) among different fertilization treatments under normal water supply and drought stress,
respectively.
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